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ABSTRACT 
The p r a c t i c e of t i g h t b a c k i n g adhesive bound, hard cover 
books has l o n g been thought to enhance d u r a b i l i t y a t the 
expense of o p e n a b i l i t y . T i g h t b a c k i n g i s p o p u l a r i n a 
number of s p e c i a l i z e d b i n d i n g markets, the most n o t a b l e of 
which i s textbook p r o d u c t i o n . Yet d e s p i t e t h e i r p r e v a l e n c e , 
t h e r e i s a l a c k of i n f o r m a t i o n a v a i l a b l e about how the 
o p e n a b i l i t y and d u r a b i l i t y c h a r a c t e r i s t i c s of t i g h t backed 
books are a f f e c t e d by v a r i a b l e f a c t o r s i n the p r o d u c t i o n 
p r o c e s s . 
The purpose of t h i s study was to e v a l u a t e t h r e e v a r i a b l e s 
i n v o l v e d i n the p r o d u c t i o n of t i g h t backed, ad h e s i v e bound, 
h a r d c o v e r volumes. The t h r e e f a c t o r s c o n s i d e r e d were b u l k 
of the book b l o c k , s u r f a c e area of adhesive a p p l i c a t i o n t o 
the s p i n e and paper s t o c k . A n a l y s e s of d u r a b i l i t y was 
conducted u s i n g two p i e c e s of t e s t i n g a p p a r a t u s , the 
Oc t a g o n a l Tumbling Drum and the U n i v e r s a l Book T e s t e r . 
O p e n a b i l i t y was measured u s i n g the Photocopy O p e n a b i l i t y 
T e s t . 
The s t a t i s t i c a l d e s i g n u t i l i z e d a b l o c k e d and r e p -
l i c a t e d t h r e e way A n a l y s i s of V a r i a n c e (ANOVA), conducted a t 
the 0.05 a l p h a l e v e l . Where the data l e d to the r e j e c t i o n 
of the n u l l h y p o t h e s i s , a Duncan M u l t i p l e Range Test was 
employed to i s o l a t e the source of the v a r i a t i o n . 
The p r o c e d u r e s determined t h a t bulk had no e f f e c t on 
o p e n a b i l i t y , but became a f a c t o r i n d u r a b i l i t y when the 
book was s u b j e c t e d to severe abuse. Paper s t o c k was deemed 
to have no s i g n i f i c a n t e f f e c t on e i t h e r d u r a b i l i t y or 
o p e n a b i l i t y . W ith r e g a r d to adhesive t r e a t m e n t , an i n v e r t e d 
r e l a t i o n s h i p was found to e x i s t between d u r a b i l i t y and 
o p e n a b i l i t y . As adhesive c o a t i n g i n c r e a s e d i n s u r f a c e a r e a , 
d u r a b i l i t y was enhanced at the expense of o p e n a b i l i t y . T h i s 
was found to be a n o n - l i n e a r r e l a t i o n s h i p . F i n a l l y , i t was 
found t h a t i f the proper m a t e r i a l s and c o n s t r u c t i o n 
t e c h n i q u e s were employed i n book p r o d u c t i o n , then b i n d i n g s 
w i t h h i g h d u r a b i l i t y c o u l d be c r e a t e d d e s p i t e e f f e c t s of 
o t h e r v a r i a b l e f a c t o r s . 
CHAPTER 1 
INTRODUCTION 
The purpose of t h i s s tudy i s to e v a l u a t e the f a c t o r s t h a t 
a f f e c t the d u r a b i l i t y and o p e n a b i l i t y of t i g h t backed, 
a d h e s i v e bound, hard cover t e x t b o o k s . In making t h i s 
i n v e s t i g a t i o n , one must remember t h a t the p r i m a r y aim of 
the book manufacturer i s to d e l i v e r a q u a l i t y p r o d u c t , 
p r o p e r l y s u i t e d to i t s end use r e q u i r e m e n t s , a t an economi-
c a l p r i c e . These seemingly c o n f l i c t i n g demands r e q u i r e t h a t 
the i n d u s t r y c o n t i n u a l l y develop i n n o v a t i v e t e c h n i q u e s and 
m a t e r i a l s , and f i n d new ways to o p t i m i z e those a l r e a d y i n 
use. A c c o r d i n g l y , a number of s p e c i a l i z e d b i n d i n g methods 
have been developed to meet the demands of s p e c i f i c market 
segments. The p r a c t i c e of " t i g h t b a c k i n g " i s one such 
p r o c e d u r e . 
As a h a r d c o v e r b i n d i n g method, t i g h t b a c k i n g p r o v i d e s 
i n c r e a s e d d u r a b i l i t y a t a r e l a t i v e l y minor c o s t premium. 
T h i s has made i t a p o p u l a r t e c h n i q u e f o r use i n the 
p r o d u c t i o n of books f o r e d u c a t i o n a l purposes, where both 
d u r a b i l i t y and c o s t e f f e c t i v e n e s s are of g r e a t i m p o r t a n c e . 
One may q u e s t i o n why, i f t i g h t b a c k i n g p r o v i d e s s u p e r i o r 
s t r e n g t h , i t i s not used more o f t e n on o t h e r h a r d c o v e r 
b i n d i n g s . One answer may be t h a t the procedure tends t o 
r e s t r i c t the o p e n a b i l i t y of a bound volume. T h i s can be 
c o n s i d e r e d , a t b e s t , an u n d e s i r a b l e c h a r a c t e r i s t i c , but one 
which i s a c c e p t a b l e to c e r t a i n segments of the book 
consuming market. 
S t r u c t u r e of a T i g h t Backed Book 
In c o n v e n t i o n a l l y c o n s t r u c t e d volumes, the book b l o c k (the 
book w i t h o u t i t s cover and endpapers) i s h e l d i n i t s case 
( c o v e r ) by the a d h e s i v e f o r c e between the case and the book 
j o i n t s and endpapers. The endpapers are a t t a c h e d to the 
f i r s t and l a s t s i g n a t u r e s p r i o r to g a t h e r i n g . A f t e r the 
book i s g a t h e r e d ( p l a c i n g a l l the i n d i v i d u a l s i g n a t u r e s of 
the book i n the c o r r e c t o r d e r ) , the s p i n e i s roughened and 
a d h e s i v e a p p l i e d . 
In p r e p a r a t i o n f o r the f i n a l a p p l i c a t i o n of i t s case, 
the book b l o c k i s trimmed to i t s f i n i s h e d s i z e . T h e r e a f t e r 
the book j o i n t s are formed d u r i n g the rounding and b a c k i n g 
o p e r a t i o n . The procedure i s as f o l l o w s : 
As the book emerges from the [ r o u n d i n g ] r o l l e r s , 
two clamps grasp i t s l i g h t l y below the back edge. 
A heavy, concaved b a c k i n g i r o n i s then r o l l e d 
back and f o r t h a g a i n s t the b i n d i n g edge, f o r c i n g 
the s e c t i o n s to bend and thus be s e c u r e d i n 
p l a c e . The p o i n t of bending i s c a l l e d the j o i n t 
and the amount of bend s h o u l d e<gual the t h i c k n e s s 
of the board used i n the c o v e r . 
A f t e r r o u n d i n g and b a c k i n g i s completed, the l i n i n g up 
o p e r a t i o n a f f i x e s a gauze wrap, c a l l e d "super" or " m u l l " , to 
the s p i n e . The super i s cut wider than the t h i c k n e s s of the 
s p i n e , i n o r d e r to r e i n f o r c e the a d h e s i o n between the 
endpapers and the book ca s e . A l i n i n g , c o n s i s t i n g of 
k r i n k l e - k r a f t paper, i s c u t to the e x a c t h e i g h t and w i d t h of 
the s p i n e . The purpose of t h i s l i n i n g i s t o s t i f f e n the 
s p i n e and c o v e r the exposed a d h e s i v e . Sometimes, i n 
c o n j u n c t i o n w i t h the l i n i n g up o p e r a t i o n , headbands are 
a p p l i e d . However, s i n c e headbands p e r f o r m a p u r e l y 
d e c o r a t i v e f u n c t i o n , t h e y are not always u t i l i z e d . The 
purpose of the l i n i n g up o p e r a t i o n i s to p r e v e n t s a g g i n g , t o 
m a i n t a i n the roundness of the s p i n e and to s t r e n g t h e n the 
s p i n e , w h i c h i n t u r n w i l l maximize the o p e n a b i l i t y of the 
book. 
D u r i n g the c a s i n g - i n o p e r a t i o n a water based P o l y v i n y l 
A c e t a t e a d h e s i v e i s a p p l i e d to the endpapers and j o i n t s . 
"Then the book case i s p o s i t i o n e d over the book [ b l o c k ] , 
w h i c h i s f o r c e d up i n t o the case w i t h the endpapers 
a d h e r i n g t o the b o a r d s . A s e r i e s of p r e s s u r e p l a t e s and 
h e a t e d f o r m e r s p r e s s the book t o s e t the [ c o v e r m a t e r i a l ] 
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i n t o the j o i n t . " A c c o r d i n g l y , the f o r c e h o l d i n g the book 
b l o c k i n the case i s o n l y as s t r o n g as the a d h e s i o n between 
the case and the j o i n t s , the endpapers and the s u p e r . 
G r e a t c a r e must be t a k e n d u r i n g c a s i n g - i n , because a 
l a r g e p r o p o r t i o n of b i n d i n g f a i l u r e s r e s u l t from the f a c t 
t h a t the o p e r a t i o n f a i l e d to p r o v i d e the r e q u i s i t e s t r e n g t h . 
The a t t a i n m e n t of j o i n t a d h e s i o n i s c r i t i c a l f o r the 
p r o d u c t i o n o f an a c c e p t a b l y bound book. 
W i t h o u t a d h e s i v e i n the j o i n t s , [a] s h o r t book 
l i f e i s [ v e r y much] p r e d i c t a b l e . W o r t h w h i l e 
r e s u l t s are not produced e a s i l y . [However] i t i s 
d i f f i c u l t , i n d e e d , to f o r c e s u f f i c i e n t a d h e s i v e 
i n t o t h i s j o i n t a r e a because of the ac u t e a n g l e 
of " t u r n o u t " of the o u t s i d e s i g n a t u r e s . 
A l m o s t e v e r y book consumer has e x p e r i e n c e d some f a i l u r e i n 
r e g a r d t o the c a s i n g - i n o p e r a t i o n when the book b l o c k of an 
e x p e n s i v e h a r d c o v e r book has detached i t s e l f from i t s ca s e . 
Indeed the Book M a n u f a c t u r e r s I n s t i t u t e has i d e n t i f i e d "book 
f a l l - o u t [as t h e ] most i m p o r t a n t reason f o r book f a i l u r e . " 4 
T 
i g h t b a c k i n g i s a b l e to a t t a i n a g r e a t e r degree of 
s t r e n g t h because, as the name i m p l i e s , the s p i n e (back) of 
the book b l o c k i s g l u e d to the s p i n e of the cas e . The 
d u r a b i l i t y o f the b i n d i n g i s g r e a t l y enhanced by the 
a d d i t i o n a l a d h e s i v e c o v e r a g e , which supplements the a d h e s i o n 
i n the j o i n t s and endpapers. (See f i g u r e 1) 
As s u g g e s t e d p r e v i o u s l y , t i g h t b a c k i n g a book tends to 
reduce i t s o p e n a b i l i t y . In a c o n v e n t i o n a l l y bound h a r d c o v e r 
volume, the f a c t t h a t the s p i n e i s independent of the case 
a l l o w s the book t o f l e x r e l a t i v e l y f r e e l y upon o p e n i n g . 
However, when a volume i s t i g h t backed, the f o r c e e x e r t e d 
when i t i s opened a c t u a l l y causes the s p i n e of the book 
b l o c k t o f l e x a g a i n s t the a d h e s i v e h o l d i n g i t i n the back of 
the c a s e . C o n s e q u e n t l y , t i g h t backed volumes w i l l o f t e n not 
l i e s u f f i c i e n t l y open on a f l a t s u r f a c e , c a u s i n g c o n s i d e r -
a b l e i n c o n v e n i e n c e t o the r e a d e r . T h i s problem i s made 
even more a c u t e i f i n s u f f i c i e n t b i n d margins are used, a 
c h a r a c t e r i s t i c w h i c h has become a l l too f r e q u e n t w i t h the 
r i s i n g c o s t of paper and p o s t a g e . 
F i g u r e 1 
TIGHT BACKED VS CONVENTIONAL JOINT AND SPINE PREPARATION 
A d h e s i v e Bound Hardcover Books 
A d h e s i v e bound h a r d c o v e r t e x t books make up an i n c r e a s i n g 
p r o p o r t i o n o f the t i g h t backed books produced i n Canada and 
the U n i t e d S t a t e s . T h i s b i n d i n g s t y l e i s p a r t i c u l a r l y 
p r e v a l e n t i n many e d u c a t i o n a l a p p l i c a t i o n s due t o i t s d u r a -
b i l i t y and c o s t e f f e c t i v e n e s s . N e v e r t h e l e s s , many i n f l u e n -
t i a l s c h o o l j u r i s d i c t i o n s , such as Texas, West V i r g i n i a , 
Tennessee and Kent u c k y , r e f u s e a d h e s i v e bound volumes, 
c l a i m i n g t h e y l a c k the i n h e r e n t f l e x i b i l i t y and t h r e a d 
s t r e n g t h o f Smythe sewn books and are t h e r e f o r e more s u b j e c t 
t o b i n d i n g d e t e r i o r a t i o n . 5 However, i n r o a d s are b e i n g made 
toward w i d e r a c c e p t a n c e of a d h e s i v e bound t e x t b o o k s . The 
Book M a n u f a c t u r e r s I n s t i t u t e has r e c e n t l y adopted a d h e s i v e 
bound t e x t b o o k s i n t o t h e i r s t a n d a r d , a l b e i t on a temporary 
b a s i s , p e n d i n g c o n f i r m a t i o n of performance.^ 
U n l i k e Smythe sewn books, most a d h e s i v e ( p e r f e c t ) bound 
books have t h e i r s p i n e s ground o f f d u r i n g m a n u f a c t u r e , thus 
removing the f o l d e d b i n d i n g edge and l e a v i n g i n d i v i d u a l 
pages t o be bound t o g e t h e r by an a p p l i c a t i o n of a d h e s i v e . 
The a d h e s i v e s t h e r e f o r e p e r f o r m a d u a l purpose. They must 
have enough a d h e s i o n t o h o l d the pages of the book t o g e t h e r , 
but must a l s o p o s s e s s enough f l e x i b i l i t y t o a l l o w the volume 
to open e a s i l y . W h i l e much p r o g r e s s has been made i n 
a d h e s i v e f o r m u l a t i o n over the p a s t decades, some a d h e s i v e 
b i n d i n g s s t i l l d i s p l a y a tendency t o s p l i t when f o r c e d open, 
a l l o w i n g l e a v e s t o f a l l o u t . To r e s i s t such f a i l u r e s , t i g h t 
b a c k i n g o f a d h e s i v e bound h a r d c o v e r volumes i s now a common 
p r a c t i c e because i t reduces the f l e x i n g a n g l e of the 
volume, t h e r e b y d i s t r i b u t i n g the t e n s i l e l o a d more e v e n l y 
a c r o s s the b i n d edge. Thus o p e n a b i l i t y i s r e s t r i c t e d i n 
o r d e r t o p r e s e r v e the i n t e g r i t y of the a d h e s i v e bound 
volume. 
As p r e v i o u s l y s t a t e d , c o s t i s the p r i n c i p a l r e a son t h a t 
a d h e s i v e b i n d i n g of h a r d cover volumes i s chosen over o t h e r 
b i n d i n g methods. I t r e q u i r e s fewer m a t e r i a l s and l e s s 
manual i n t e r v e n t i o n . The need f o r sewing i n d i v i d u a l 
s i g n a t u r e s t o g e t h e r , as r e q u i r e d by Smythe sewing, i s 
e l i m i n a t e d . C o n s e q u e n t l y a h i g h e r degree of i n t e g r a t e d , 
mechanized p r o d u c t i o n i s p o s s i b l e i n the p r o d u c t i o n o f 
a d h e s i v e bound volumes. 
Rounding and B a c k i n g 
By r o u n d i n g the back of a h a r d c o v e r book, the f l e x i n g a n g l e 
of the b i n d edge i s reduced when opened. A reduced f l e x i n g 
a n g l e a l l o w s a more even d i s t r i b u t i o n of t e n s i l e s t r e s s 
a c r o s s the e n t i r e book b l o c k , t h e r e b y r e d u c i n g l o a d i n the 
most c r i t i c a l a r e a s of the b i n d i n g . C o n s e q u e n t l y r o u n d i n g 
and b a c k i n g y i e l d s b e t t e r o p e n a b i l i t y w i t h a reduced r i s k of 
r u p t u r i n g or s p l i t t i n g the b i n d i n g . T h i s f a c t o r i s most 
i m p o r t a n t on the f i r s t and l a s t l e a v e s of the book. B a c k i n g 
" s c o r e s " t h e s e c r i t i c a l a r e a s , r e d u c i n g t e n s i l e s t r e s s and 
s p l i t t i n g . A c c o r d i n g l y , t h i s p r o c e d u r e i s commonly used 
w i t h a d h e s i v e bound, h a r d c o v e r books, s i n c e the r e d u c t i o n i n 
f l e x i n g a n g l e a l l o w s f o r the i n t e g r i t y of the s p i n e a d h e s i v e 
t o remain i n t a c t . 
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CHAPTER 2 
STATEMENT OF THE PROBLEM AND HYPOTHESES 
The p r i n c i p a l c r i t e r i a used t o judge a g i v e n b i n d i n g method 
are d u r a b i l i t y and o p e n a b i l i t y . T i g h t backed, a d h e s i v e 
bound h a r d c o v e r books have l o n g been assumed t o i n c r e a s e 
b i n d i n g d u r a b i l i t y , a t the expense of o p e n a b i l i t y . A 
s y s t e m a t i c e x p l o r a t i o n of the v a r i a b l e s i n v o l v e d i n the 
p r o d u c t i o n p r o c e s s s h o u l d be u n d e r t a k e n i n o r d e r t o d i s c o v e r 
the p a r t i c u l a r r e l a t i o n s h i p of each to o p e n a b i l i t y and 
d u r a b i l i t y . The r e s u l t s of such a s t u d y s h o u l d f a c i l i t a t e 
t he p r o d u c t i o n of volumes w i t h o p t i m a l c h a r a c t e r i s t i c s a t 
m i n i m a l c o s t . To a c h i e v e t h i s end, t h i s s t u d y w i l l examine 
the f o l l o w i n g s i x h y p o t h e s e s . 
1) T i g h t backed, a d h e s i v e bound, h a r d cover volumes w i l l be 
more d u r a b l e when c o n s t r u c t e d w i t h u n c o a t e d , r a t h e r t h a n 
c o a t e d , paper s t o c k . 
2) T i g h t backed, a d h e s i v e bound, hard cover volumes w i l l be 
more d u r a b l e when used on book b l o c k s w i t h l e s s , as opposed 
t o more, b u l k . 
3) T i g h t backed, a d h e s i v e bound, hard cover volumes w i l l be 
made more d u r a b l e w i t h i n c r e a s e d s u r f a c e a r e a of a d h e s i v e 
a p p l i c a t i o n t o the s p i n e . 
4) The o p e n a b i l i t y of t i g h t backed, a d h e s i v e bound, h a r d 
c o v e r volumes w i l l be unchanged by the c h o i c e of c o a t e d or 
u n c o a t e d paper. 
5) The o p e n a b i l i t y of t i g h t backed, a d h e s i v e bound, h a r d 
c o v e r volumes w i l l not be a f f e c t e d by e i t h e r s m a l l e r or 
l a r g e r book b l o c k b u l k . 
6)The o p e n a b i l i t y of t i g h t backed, a d h e s i v e bound, h a r d 
c o v e r volumes w i l l be unchanged by the r e l a t i v e a r e a of 
a d h e s i v e a p p l i c a t i o n t o the s p i n e of the book b l o c k . 
CHAPTER 3 
REVIEW OF LITERATURE 
The p r e l i m i n a r y impetus f o r t h i s s t u d y came from P e t e r 
N o r t h o v e r , D i r e c t o r of P u b l i c a t i o n s S e r v i c e s f o r the 
Textbook Branch o f the P r o v i n c e of B r i t i s h C o l u m b i a , Canada. 
B e i n g the l a r g e s t s i n g l e p u r c h a s e r of t e x t books i n Canada 
($15 - $18 m i l l i o n a n n u a l l y ) , the M i n i s t r y e x p r e s s e d c o n c e r n 
over the l a c k of i n f o r m a t i o n a v a i l a b l e about the performance 
c h a r a c t e r i s t i c s of v a r i o u s t e x t book p r o d u c t i o n methods. In 
p a r t i c u l a r , Mr. N o r t h o v e r was i n t e r e s t e d i n the performance 
of some a d h e s i v e bound h a r d c o v e r books which had e x p e r i e n c e d 
d e t e r i o r a t i o n i n the s c h o o l system. He s u g g e s t e d t h a t the 
e x p l o r a t i o n of t h i s t o p i c would be a s e r v i c e t o b o t h the 
consumers and p r o d u c e r s of textbooks."'' 
F u r t h e r i n v e s t i g a t i o n i n t o the l i t e r a t u r e r e g a r d i n g the 
performance c h a r a c t e r i s t i c s of a d h e s i v e bound, t i g h t backed, 
h a r d c o v e r volumes c o n f i r m e d the f a c t t h a t v e r y l i t t l e 
r e s e a r c h had been done i n the a r e a . I t a l s o became ap p a r e n t 
t h a t the use of a d h e s i v e bound t e x t b o o k s i s becoming more 
w i d e s p r e a d . Jerome Frank s t a t e s i n h i s a r t i c l e "Textbook 
'Spec' Changes Temporary but S i g n i f i c a n t " t h a t w h i l e 
a d h e s i v e bound t e x t b o o k s are s t i l l u n a c c e p t a b l e i n many 
S t a t e s (TX,TN,KY,WV), more c o n s c i e n t i o u s t e s t i n g w i l l 
f a c i l i t a t e w i d e r a c c e p t a n c e . Indeed, the Book M a n u f a c t u r e r s 
I n s t i t u t e has o n l y r e c e n t l y i n c o r p o r a t e d a d h e s i v e bound 
books i n t o t h e i r s t a n d a r d f o r t e x t b o o k p r o d u c t i o n . T h i s i s 
o n l y on a temporary b a s i s , however, pending the c o n f i r m -
a t i o n of t h e i r a b i l i t y t o p e r f o r m a d e q u a t e l y . The c r i t e r i a 
w h i c h BMI recommends f o r the e v a l u a t i o n of a d h e s i v e bound 
t e x t b o o k s i s o u t l i n e d i n another a r t i c l e by Jerome Frank, 
"ACTS Approves C r i t e r i a f o r F i e l d Book T e s t i n g . " F i v e 
c a t e g o r i e s of e v a l u a t i o n are recommended, a l o n g w i t h 
n u m e r i c a l r a t i n g s and judgment c r i t e r i a f o r each c a t e g o r y . 
The a r t i c l e i s p a r t i c u l a r l y i n t e r e s t i n g w i t h i n the c o n t e x t 
of t h i s s t u d y , s i n c e i t i s one of the few a r t i c l e s a v a i l a b l e 
w h i c h d e a l s d i r e c t l y w i t h the assessment of t i g h t backed 
volumes. 
The tumble t e s t has been used i n the a n a l y s i s of 
b i n d i n g d u r a b i l i t y f o r more than t h i r t y y e a r s . The t e s t 
was i n i t i a l l y d e v e l o p e d by the U n i t e d S t a t e s T e s t i n g 
Company. I t s use was f i r s t r e p o r t e d i n T e s t s and P r o c e d u r e s 
f o r Books and Book Components. The t e s t was w e l l r e c e i v e d 
by the book m a n u f a c t u r i n g i n d u s t r y as a much needed sou r c e 
of d a t a . The Book M a n u f a c t u r e s I n s t i t u t e Annual P r o c e e d i n g s 
o f 1957, s t a t e s t h a t : 
T e s t s t h a t measure the s t r e n g t h ... i n a book 
have been d e v e l o p e d . One of the methods u t i l i z e s 
a t u m b l e r drum t h a t tumbles the book^and s u b j e c t s 
i t t o a s e r i e s of f a l l s and i m p a c t s . 
However, i t i s a l s o c l e a r t h a t the t e s t was not s t a n d a r d -
i z e d , because the r e p o r t c o n t i n u e d to q u a l i f y the s u c c e s s of 
the p r o c e d u r e by s t a t i n g t h a t : 
When a s u f f i c i e n t number of book specimens have 
been t e s t e d by [ t h i s ] method, minimum l e v e l s o f 
a c c e p t a b l e performance can be d e v e l o p e d e n a b l i n g 
the more g e n e r a l use of these t e s t s f o r q u a l i t y 
c o n t r o l p u r p o s e s . They t o o , w i l l soon become , 
a p p r o p r i a t e f o r s p e c i f i c a t i o n s of p e r f o r m a n c e . 
The A m e r i c a n L i b r a r y A s s o c i a t i o n (ALA), i n i t s s t u d y 
The Development o f Performance Standards f o r L i b r a r y 
B i n d i n g , Phase I , sought t o e s t a b l i s h s t a n d a r d i z e d p r o c e -
d u r e s f o r the t e s t i n g of bound volumes. ALA wanted t o 
emphasize the e m p i r i c a l t e s t i n g of bound books, over the 
p r e v i o u s p r a c t i c e o f m e r e l y e v a l u a t i n g the m a t e r i a l s and 
p r o d u c t i o n methods used i n t h e i r c o n s t r u c t i o n . F u r t h e r m o r e , 
ALA e s t a b l i s h e d t h a t the octagon shaped t u m b l i n g drum "has 
been shown t o have a good c o r r e l a t i o n t o the p h y s i c a l 
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breakdown of books i n a c t u a l use". By the e s t a b l i s h m e n t of 
t h i s c o r r e l a t i o n , the tumble t e s t has become a s t a n d a r d f o r 
the e v a l u a t i o n of the d u r a b i l i t y of bound volumes. 
However, the tumble t e s t has come under f i r e f o r not 
p r o d u c i n g as r e a l i s t i c a s i m u l a t i o n as might be d e s i r a b l e . 
The c r i t i c i s m a r o s e because i t "produced r e s u l t s w h i c h were 
too s e v e r e . . . t h i n g s which would not happen i n o r d i n a r y 
u s e . " ^ T h i s was i n i t i a l l y p o i n t e d out by the W. J . Barrow 
R e s e a r c h L a b o r a t o r y and has been c o r r o b o r a t e d by a number of 
e x p e r t s , i n c l u d i n g P r o f e s s o r Werner Rebsamen of the 
R o c h e s t e r I n s t i t u t e of Technology. N o t w i t h s t a n d i n g t h e s e 
o b s e r v a t i o n s , Rebsamen p o i n t s o u t , i n h i s a r t i c l e " P e r f o r m -
ance T e s t i n g w i t h the U n i v e r s a l Book T e s t e r " , t h a t "the book 
t u m b l e r does have i t s m e r i t s and u s e f u l n e s s i n t e s t i n g 
c h i l d r e n s books and t e x t b o o k s t h a t are s u b j e c t e d t o s e v e r e 
and abnormal a b u s e . S i n c e t h i s s t u d y i s geared p r i m a r i l y 
t o the s t u d y of the performance of t e x t b o o k c o n s t r u c t i o n , i t 
seems a p p r o p r i a t e t h a t the tumble t e s t be u t i l i z e d . Rebsamen 
a l s o p o i n t s out t h a t the tumbler i s s t i l l w i d e l y used f o r 
b i n d i n g e v a l u a t i o n s by the book m a n u f a c t u r i n g i n d u s t r y . 
The U n i v e r s a l Book T e s t e r (UBT) was o r i g i n a l l y 
d e v e l o p e d by the W. J . Barrow Research L a b o r a t o r y and i t s 
o p e r a t i o n i s o u t l i n e d i n the s t u d y Permanence / D u r a b i l i t y 
o f the Book: A Two Year Research Program. Rebsamen, i n the 
a r t i c l e "Performance T e s t i n g w i t h the U n i v e r s a l Book 
T e s t e r " , g i v e s a v e r y c o n c i s e o u t l i n e of the aims of 
Barrow's UBT r e s e a r c h p r o j e c t . The Barrow team sought t o 
r e p r o d u c e the damage found i n books t h a t had undergone 
b i n d i n g d e t e r i o r a t i o n t h r o u g h a c t u a l usage. Upon i n s p e c t i o n 
o f f a i l e d books i t was found t h a t "the major causes of 
b i n d i n g f a i l u r e were a b r a s i o n on the v a r i o u s e x t e r n a l a r e a s 
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of the b i n d i n g . . . and the f a i l u r e of the i n t e r n a l h i n g e . " 
Thus, the aim o f the r e s e a r c h program was t o " c o n t r o l the 
a c t i o n o f the book and a t the same t i m e , p r o v i d e a b r a s i v e 
g 
and i n t e r n a l e f f e c t s s i m u l t a n e o u s l y . " 
I t s d e v e l o p e r s r a t e the UBT as a h i g h l y a c c u r a t e method 
f o r t e s t i n g the d u r a b i l i t y of case bound books, c l a i m i n g 
t h a t " a p p r o x i m a t e l y 90% of the f a i l u r e s o c c u r r i n g i n 
n a t u r a l l y used books are d u p l i c a t e d i n n e a r l y the same 
p r o p o r t i o n s i n the UBT." 9 The UBT was s u b s e q u e n t l y adopted 
as a s t a n d a r d t e s t by the American L i b r a r y A s s o c i a t i o n i n 
the Development of Performance St a n d a r d s f o r L i b r a r y 
B i n d i n g , Phase I I . 
The o p e n a b i l i t y t e s t was i n i t i a l l y d e v e l o p e d by the 
A m e r i c a n L i b r a r y A s s o c i a t i o n i n The Development of P e r -
formance S t a n d a r d s f o r L i b r a r y B i n d i n g , Phase I I I . 
R e g r e t t a b l y , the t e s t d e v e l o p e d by the ALA p r o v i d e d o n l y a 
v e r y rough measurement of the o p e n a b i l i t y of a bound volume, 
y i e l d i n g d a t a i n 1/2 i n c h i n c r e m e n t s . The l i m i t a t i o n s of 
t h i s t e s t i n g p r o c e d u r e are p o i n t e d out by S e i j a Korhonen i n 
the a r t i c l e " F a c t o r s A f f e c t i n g the S t r e n g t h of a Book." 
She a r g u e s t h a t t h e r e i s a s t r o n g c o r r e l a t i o n between the 
d u r a b i l i t y and o p e n a b i l i t y o f a book, n e c e s s i t a t i n g the need 
f o r a r e l i a b l e t e s t t o q u a n t i f y o p e n a b i l i t y . For her 
M a s t e r s t h e s i s "A Performance Comparison of Oversewn, PVA 
Double Fanned, and C l e a t - L a c e d B i n d i n g s , " C a r o l i n e Watson 
took on the c h a l l e n g e of r e f i n i n g the ALA's o p e n a b i l i t y 
t e s t . Watson's so c a l l e d photocopy o p e n a b i l i t y t e s t 
p r o v i d e s a more p r e c i s e measurement of volume o p e n a b i l i t y , 
a l l o w i n g d a t a t o be g a t h e r e d t o 1/64 of an i n c h i n t e r v a l s . 
D a v i d P a r i s i , i n h i s s t u d y "A Performance E v a l u a t i o n of 
Rounded and Backed Books vs Square Backed Books" d e v e l o p e d a 
f o u r p o i n t d e g r a d a t i o n i n d e x t o r a t e the r e s u l t s of the 
U n i v e r s a l Book T e s t e r and the Tumble T e s t . C l a u d i a Chaback, 
i n her M a s t e r s t h e s i s "A Performance Comparison Between a 
Wide Hinged Endpaper C o n s t r u c t i o n and the L i b r a r y B i n d i n g 
I n s t i t u t e S t a n d a r d Endpaper C o n s t r u c t i o n " , m o d i f i e d t h i s 
r a t i n g p r o c e d u r e . By d e f i n i n g e v a l u a t i o n c r i t e r i a on a 
f i v e p o i n t i n d e x , Chaback was a b l e to c o n v e r t the q u a l -
i t a t i v e d a t a y i e l d e d by the UBT and tumble t e s t s i n t o 
q u a n t i t a t i v e d a t a , a p p l i c a b l e to her p a r a m e t r i c s t a t i s t i c a l 
model. T h i s s t u d y w i l l employ Chaback's t e c h n i q u e , i n 
c o n j u n c t i o n w i t h a more a p p l i c a b l e r a t i n g i n d e x d e v e l o p e d by 
BMI and the N a t i o n a l A s s o c i a t i o n of S t a t e Textbook Admin-
i s t r a t o r s (NASTA), under the a u s p i c e s of the A d v i s o r y 
Committee of Textbook S p e c i f i c a t i o n s (ACTS). The d e t a i l s 
and c r i t e r i a o f t h i s r a t i n g system are o u t l i n e d i n Jerome 
F r a n k ' s a r t i c l e "ACTS Approves C r i t e r i a f o r F i e l d Book 
T e s t i n g . " 
I n f o r m a t i o n on the c o m p o s i t i o n and c h a r a c t e r i s t i c s of 
p o l y v i n y l a c e t a t e a d h e s i v e s was d e r i v e d from two a r t i c l e s by 
P r o f e s s o r Werner Rebsamen "Adhesive B i n d i n g Methods and 
T e c h n i q u e s " and "Adhesive B i n d i n g of L i b r a r y Books", from 
the book "Glues Used i n P e r f e c t B i n d i n g " d i s t r i b u t e d by 
M u e l l e r M a r t i n i , and from the a r t i c l e by Tony C l a r k "Ad-
h e s i v e s : The S t i c k i n g P o i n t . " I n s i g h t i n t o the a c t u a l 
p r o d u c t i o n of a d h e s i v e bound books was p r o v i d e d by E. W. 
P a l m e r ' s A Course i n B o o k b i n d i n g f o r V o c a t i o n a l T r a i n i n g , 
Henry G r o s s ' S i m p l i f i e d B o o k b i n d i n g , P r o f e s s o r Werner 
Rebsamen's f i v e p a r t s e r i e s "A Study i n Simple B i n d i n g 
Methods" and by James B l a i n e ' s a r t i c l e " B o o k b i n d i n g . " 
NOTES FOR CHAPTER 3 
Mr. P e t e r N o r t h o v e r , Textbook Branch of the 
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CHAPTER 4 
DESIGN PARAMETERS AND METHODOLOGY 
The e x p e r i m e n t a l program of t h i s s t u d y was d e v e l o p e d t o 
p r o v i d e book m a n u f a c t u r e r s and consumers w i t h i n s i g h t i n t o 
some o f the f a c t o r s t h a t a f f e c t the d u r a b i l i t y and open-
a b i l i t y o f a d h e s i v e bound, t i g h t backed, h a r d c o v e r t e x t -
books. The program i n v o l v e d the t e s t i n g and a n a l y t i c a l 
c o m p a r i s o n of t h r e e f a c t o r s : paper s t o c k , a r e a of a d h e s i v e 
a p p l i c a t i o n t o the s p i n e , and b u l k of the book b l o c k . To 
d a t e , t h e r e has been no e x p e r i m e n t a l d a t a p u b l i s h e d t h a t 
i n v e s t i g a t e s the consequences of thes e v a r i a b l e s on the 
perf o r m a n c e o f a d h e s i v e bound, t i g h t backed, h a r d c o v e r t e x t 
books. 
The assessment of the books i n t h i s s t u d y c o n s i d e r e d 
b o t h o p e n a b i l i t y and d u r a b i l i t y , s i n c e each i s i m p o r t a n t i n 
d e t e r m i n i n g the a c c e p t a b i l i t y of the p r o d u c t . A l s o i t i s 
i m p o r t a n t t o tak e t h e s e f a c t o r s i n t o account when d e c i d i n g 
on the end use of the volume. 
E x p e r i m e n t a l D e s i g n 
The s t u d y was c o n s t r u c t e d as a b l o c k e d and r e p l i c a t e d t h r e e 
f a c t o r d e s i g n . The f i r s t f a c t o r o b s e r v e d was t h a t of book 
b l o c k b u l k . The two l e v e l s employed were 3/4" and 1 1/2" 
b u l k . The second f a c t o r examined was paper s t o c k . The two 
l e v e l s t e s t e d were c o a t e d and u n c o a ted p a p e r s . The b a s i s 
w e i g h t of the two s t o c k s was kept c o n s t a n t i n o r d e r t o 
y i e l d comparable r e s u l t s . However, the f a c t t h a t b u l k was 
k e p t c o n s t a n t d i c t a t e d t h a t v a r i a t i o n o c c u r b o t h i n the 
number of pages and i n the w e i g h t of the volumes. The pages 
per i n c h o f the u n c o a t e d s t o c k was 284, w h i l e the c o a t e d was 
417. I t s h o u l d a l s o be noted t h a t the papers a v a i l a b l e f o r 
c o n s i d e r a t i o n e x h i b i t e d a s l i g h t s t i f f n e s s d i f f e r e n t i a l when 
t e s t e d on the G u r l e y S t i f f n e s s T e s t e r . The u n c o a ted s t o c k 
p r o v e d s l i g h t l y l e s s f l e x i b l e when f l e x e d i n the d i r e c t i o n 
of the g r a i n . ( T h i s measurement was deemed more r e l e v a n t 
t h a n the c r o s s g r a i n d a t a because the book samples were a l l 
p r o d u c e d l o n g g r a i n , a r e q u i r e m e n t f o r a l l NASTA t e x t books. 
A c c o r d i n g l y , the o p e n a b i l i t y t e s t caused the paper t o f l e x 
i n the d i r e c t i o n of the g r a i n . ) However, the d i f f e r e n c e 
between the two was m i n i m a l , b e i n g o n l y 0.2. (To g i v e t h i s 
number some c o n t e x t , the d i f f e r e n c e between the l o n g and 
c r o s s g r a i n f l e x i b i l i t y of the same sheet was 1.8. Thus, 
0.2 r e p r e s e n t s a m i n i m a l d i f f e r e n t i a l , but one w h i c h s h o u l d 
be k e p t i n mind when a n a l y z i n g the r e s u l t s of t h i s s t u d y . ) 
The c o m p o s i t i o n of the volumes i s summarized i n f i g u r e 2. 
The f i n a l f a c t o r t e s t e d was t h a t of the s u r f a c e a r e a of 
a d h e s i v e a p p l i e d t o the s p i n e of the volume. The t h r e e 
l e v e l s examined were a 1 m i l l i m e t e r bead of a d h e s i v e on the 
c e n t e r o f the s p i n e , a t h r e e s t r i p a p p l i c a t i o n c o v e r i n g a 
t o t a l of 1/2 the a r e a of the s p i n e and a c o a t i n g of the 
e n t i r e s p i n e . 
These l e v e l s produced a t o t a l o f t w e l v e i n d i v i d u a l 
t r e a t m e n t s . To ensure the minimum of e x t r a n e o u s v a r i a t i o n , 
t e n r e p l i c a t e s o f each t r e a t m e n t were p r e p a r e d ; 12 f a c t o r s x 
10 r e p l i c a t e s = 120 bound books. 
The d i m e n s i o n s of the volumes t e s t e d were 7 1/2 x 9 
1/2. They were rounded and backed and c o m p r i s e d of a 50 l b . 
b a s i s s t o c k . These s p e c i f i c a t i o n s were chosen because they 
r e p r e s e n t e d the mean s p e c i f i c a t i o n of t i g h t backed, a d h e s i v e 
bound, h a r d c o v e r t e x t books c u r r e n t l y on the m a r k e t . 1 (See 
f i g u r e s 3 and 4.) 
Book C o n s t r u c t i o n 
The t e x t books t e s t e d were produced by hand a t the book 
b i n d i n g l a b o r a t o r y a t the R o c h e s t e r I n s t i t u t e of Technology. 
T h i s was n e c e s s i t a t e d by two c o n s i d e r a t i o n s . F i r s t , the 
mechanized equipment f o r the p r o d u c t i o n of t i g h t backed, 
a d h e s i v e bound, h a r d c o v e r t e x t books was not r e a d i l y 
a v a i l a b l e a t RIT or i n the R o c h e s t e r a r e a . Second, the 
n a t u r e o f the s p i n e t r e a t m e n t s under c o n s i d e r a t i o n demanded 
e x a c t i n g s p e c i f i c a t i o n s , w hich would have been d i f f i c u l t t o 
a c h i e v e even had the a p p r o p r i a t e machinery been a t hand. 
C o n s e q u e n t l y , g r e a t c a r e was e x e r c i s e d i n o r d e r t o ensure 
t h a t a u n i f o r m p r o d u c t was produced. 
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T o t a l Book Treatments: 12 
C, B, A = adhesive a p p l i c a t i o n :o spine 
*, $ = paper stock 
y, z = bulk 
Key i d e n t i f i c a t i o n example: C*z i d e n t i f i e s a book with a t o t a l 
c o a t i n g of adhesive on i t s spine, made from coated paper stock, 
with a bulk of 1 1/2". 
F i g u r e 4 
SCHEMATIC DIAGRAM OF TREATMENTS UNDER CONSIDERATION 
Paper S t o c k 
Coated 
Book B l o c k B u l k 
3/4" 
1 1/2" 
A d h e s i v e Cover 
1 mm Bead 
1/2 S p i n e * 
T o t a l s p i n e 
1 mm Bead 
1/2 Spine 




1 mm Bead 
1/2 Spine 
T o t a l s p i n e 
1 mm Bead 
1/2 Spine 
T o t a l Spine 
* T h i s d e n o t e s the 3 s t r i p a d h e s i v e t r e a t m e n t , c o v e r i n g a 
t o t a l o f 1/2 the s p i n e . 
The m a t e r i a l s and p r o c e d u r e s u t i l i z e d d u r i n g t h i s study-
were chosen t o r e f l e c t or s i m u l a t e common i n d u s t r y p r a c t i c e s 
used i n the p r o d u c t i o n of t i g h t backed, a d h e s i v e bound, 
h a r d c o v e r t e x t books. However, due t o the n a t u r e o f manual 
p r o d u c t i o n , some m a t e r i a l s u b s t i t u t i o n s were n e c e s s a r y . 
The f i r s t s t e p i n the p r o d u c t i o n of e x p e r i m e n t a l 
samples was t o d i v i d e the l o o s e s h e e t s i n t o l i f t s of 
r e q u i s i t e b u l k . A f t e r s p i n e r o u g h e n i n g , the s h e e t s were 
formed i n t o book b l o c k s by d o u b l e - f a n n i n g , u s i n g an 
i n t e r n a l l y p l a s t i c i z e d p o l y v i n y l a c e t a t e (PVA) a d h e s i v e . 
( I t s h o u l d be no t e d t h a t h o t m e l t a d h e s i v e s are more commonly 
used i n i n d u s t r i a l p r o d u c t i o n , however t h e y are not s u i t e d 
t o manual b i n d i n g c a r r i e d out i n s t a g e s . ) A s l i g h t round 
was i n t r o d u c e d i n t o the b l o c k through the use of a rounded 
j o g g i n g b o a r d . (The same round was used f o r both the 3/4" 
and the 1 1/2" b u l k s , i n o r d e r t o m a i n t a i n c o n s i s t e n c y . ) 
A f t e r the a p p l i c a t i o n of a d h e s i v e , a gauze s t r i p was wrapped 
around the s p i n e , r e i n f o r c i n g the s p i n e as w e l l as h e l p i n g 
t o m a i n t a i n i t s round. The a d h e s i v e was then a l l o w e d t o 
cu r e f o r t h r e e days. 
Once the books were c o m p l e t e l y d r y , a manual r o u n d e r -
b a c k e r was used t o c r e a t e j o i n t s on the book b l o c k . The 
j o i n t s were formed a t a p p r o x i m a t e l y a 45 degree a n g l e , 
s i m u l a t i n g the common j o i n t a n g l e found i n commercial 
t e x t b o o k p r o d u c t i o n . A f t e r the r o u n d i n g and b a c k i n g 
o p e r a t i o n , k r a f t paper was a f f i x e d t o the s p i n e w i t h PVA 
a d h e s i v e , a t o p the gauze r e i n f o r c e m e n t . The book b l o c k s 
were a g a i n a l l o w e d t o d r y b e f o r e subsequent o p e r a t i o n s were 
u n d e r t a k e n . 
Meanwhile, book cases were made u s i n g a C-grade co v e r 
m a t e r i a l , w h i c h i s a dense, heavy and t i g h t l y woven sub-
s t r a t e , (4.0 t o 5.0 o z / y d 2 ) , q u a l i f i e d t o meet a l l t e x t book 
s t a n d a r d s . The s p i n e l i n i n g i n s e r t e d i n t o the case was 
c o m p r i s e d o f Type I I m a t e r i a l which i s a paper r e i n f o r c e d 
w i t h r e s i n s . The Type I I m a t e r i a l was chosen i n s t e a d o f 
k r a f t p a p e r , w h i c h i s the i n d u s t r y s t a n d a r d , because of i t s 
g r e a t e r i n t e r n a l s t r e n g t h . T h i s was done i n an e f f o r t t o 
m i n i m i z e the p r o b a b i l i t y of skewed r e s u l t s t h r o u g h m a t e r i a l 
f a i l u r e s . A n i m a l g l u e was used f o r the case making p r o c e -
d u r e . 
C a s i n g - i n was performed i n two s t e p s . F i r s t , PVA 
a d h e s i v e was a p p l i e d t o the s p i n e of the book b l o c k , over 
the k r a f t r e i n f o r c e m e n t , u s i n g masks c u t from v i n y l 
s h e e t i n g . (See f i g u r e 5.) The masks ensured t h a t a 
u n i f o r m p a t t e r n of a d h e s i v e was a p p l i e d t o the s p i n e , as 
c a l l e d f o r by the e x p e r i m e n t a l d e s i g n . The v i n y l was used 
as masking m a t e r i a l because of i t s d i m e n s i o n a l s t a b i l i t y and 
r e s i s t a n c e t o a d h e s i v e b u i l d u p , both of which ensured t h a t 
u n i f o r m i t y of c o a t i n g was m a i n t a i n e d . D u r i n g the same 
p r o c e d u r e , a d h e s i v e was p l a c e d i n the j o i n t s of the book 
b l o c k t o be r e - m e l t e d d u r i n g the second s t a g e of the c a s i n g 
i n p r o c e d u r e . F i n a l l y , the case was brought i n t o f i r m 
c o n t a c t w i t h the s p i n e of the book b l o c k . Great care was 
t a k e n t o m a i n t a i n c o n t a c t i n o r d e r t o ensure t h a t the t i g h t 
back would be w e l l bonded. 
F i g u r e 5 
V i n y l Masks f o r Adhesive A p p l i c a t i o n 
The second s t e p of the c a s i n g i n procedure s e c u r e d the 
endpapers t o the case. T h i s was a c c o m p l i s h e d u s i n g a 
m i x t u r e of PVA and p a s t e . The books were then p l a c e d i n t o a 
b u i l d i n g - i n p r e s s . P r e s s u r e s e c u r e d and bonded both the 
endpapers t o the case. Heated b u i l d i n g - i n i r o n s r e - m e l t e d 
the j o i n t a d h e s i v e so t h a t s t r o n g j o i n t s would be formed. 
The books were then p l a c e d i n a p r e s s and a l l o w e d to cure 
f o r 48 h o u r s . 
Book T e s t i n g 
W h i l e i t i s c l e a r t h a t no t e s t can e x a c t l y r e p l i c a t e the 
a c t u a l damage a book e x p e r i e n c e s through use, t h e r e are a 
number of d e v i c e s a v a i l a b l e a t the Dudley A. Weiss (DAW) 
book t e s t i n g l a b o r a t o r y t h a t are a b l e to s i m u l a t e the 
v a r i o u s s t r e s s e s e x p e r i e n c e d by books under normal and 
abnormal use. As s t a t e d p r e v i o u s l y , the t e s t s s e l e c t e d f o r 
t h i s s t u d y were d e s i g n e d to measure d u r a b i l i t y and open-
a b i l i t y . Of the t h r e e t e s t s s e l e c t e d , two were d e s i g n a t e d 
to e v a l u a t e d u r a b i l i t y , w h i l e the t h i r d was a measure of 
o p e n a b i 1 i t y . 
1) B i n d i n g D u r a b i l i t y 
B i n d i n g d u r a b i l i t y was a n a l y z e d u s i n g two s e t s of t e s t i n g 
a p p a r a t u s e s . The f i r s t was the u n i v e r s a l book t e s t e r (UBT) 
w hich " s i m u l a t e s the rough treatment which books o f t e n 
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r e c e i v e " , i n o r d e r t o t e s t how l o n g the book w i l l s t a y i n 
i t s b i n d i n g . I t i s c o n s i d e r e d a good i n d i c a t o r of the 
" b r e a k i n g and t e a r i n g [ r e s i s t a n c e ] of the i n t e r n a l h i n g e " 3 
of a bound volume. W. J . Barrow, of the Barrow Research 
L a b o r a t o r y , which developed the UBT, d e s c r i b e s i t as 
f o l l o w s : 
The UBT c o n s i s t s of a r e c t a n g u l a r book chamber 
w i t h one s i d e of the bottom rounded to a 1 1/2 
i n c h r a d i u s . The chamber i s l i n e d w i t h s t a i n l e s s 
s t e e l f a b r i c to p r o v i d e a b r a s i o n when the chamber 
i s r o t a t e d on an i n c l i n e d p l a n e . The volume 
r e c e i v e s both impact and a b r a s i o n when the 
ap p a r a t u s i s i n o p e r a t i o n . 
The UBT a l s o produces h i g h l y v a l i d r e s u l t s . " A p p r o x i m a t e l y 
90% of f a i l u r e s o c c u r r i n g i n n a t u r a l l y used books are 
d u p l i c a t e d i n n e a r l y the same p r o p o r t i o n s i n the UBT." 5 
Indeed, P r o f e s s o r Rebsamen has d e s c r i b e d the UBT as "the 
most r e l i a b l e and r e a l i s t i c t e s t i n g d e v i c e f o r s i m u l a t i n g 
the use or misuse of bound books. 
The UBT i s a b l e to a t t a i n t h i s h i g h degree of v a l i d i t y 
because i t produces hinge d e s t r u c t i o n i n a c o n t r o l l e d 
e n vironment. Hinge f a i l u r e "does not come so much from the 
ope n i n g and c l o s i n g a c t i o n s of the book b i n d i n g , as from the 
i n e r t i a of the c o n t e n t s c o n t i n u i n g i n motion a f t e r the cover 
7 
has s t o p p e d . " T h i s same type of i n e r t i a i s c r e a t e d when 
the book c o n t a c t s the w a l l of the UBT's r o t a t i n g chamber. 
The second d u r a b i l i t y t e s t used was the Octagonal 
Tumbling Drum, which " s i m u l a t e s wear and damage to b i n d i n g s 
when a volume i s t o s s e d on a t a b l e , dropped on the f l o o r , 
Q 
s e n t down a c h u t e , dropped i n a r e c e i v i n g box, e t c . " The 
drum i s o c t a g o n a l i n shape w i t h one s h e l f on the i n s i d e of 
the drum. The books s l i d e around the i n t e r i o r u n t i l they 
r e a c h the s h e l f , which s t o p s t h e i r p r o g r e s s momentarily. 
However, as the drum c o n t i n u e s t o t u r n the books f a l l from 
the s h e l f , s i m u l a t i n g the impact which o c c u r s when a book i s 
dropped. T h i s t e s t i s c o n s i d e r e d by many e x p e r t s to be 
p a r t i c u l a r l y r e l e v a n t t o the t e s t i n g of t e x t b o o k s because 
they are g e n e r a l l y " s u b j e c t e d t o severe or abnormal a b u s e " 9 . 
S e i j a Korhonen c o n f i r m s t h i s p o i n t i n her a r t i c l e " F a c t o r s 
A f f e c t i n g the S t r e n g t h of a Book" when she s t a t e s t h a t " f o r 
s c h o o l books, d u r a b i l i t y under blows and tumbles i s 
i m p o r t a n t . 
The Tumble Test has been found to s i m u l a t e the a c t u a l 
wear on books v e r y c l o s e l y . "The U n i t e d S t a t e s T e s t i n g 
Company r e p o r t s t h a t the data o b t a i n e d w i t h t h i s t e s t 
c o r r e l a t e w e l l w i t h the a c t u a l damage of t e x t books d u r i n g 
normal u s e . " ! 1 
The UBT and Tumble t e s t s were conducted i n the 
f o l l o w i n g manner. P r e l i m i n a r y t e s t s were run i n orde r t o 
de t e r m i n e the t e s t d u r a t i o n r e q u i r e d to produce o p t i m a l 
r e s u l t s . T h i s was n e c e s s a r y because too s h o r t a d u r a t i o n 
would have y i e l d e d no r e s u l t s , w h i l e too l o n g a d u r a t i o n 
would have d e s t r o y e d a l l of the books, h i d i n g any v a r i a t i o n 
w h ich d i d e x i s t . The d u r a t i o n a r r i v e d a t f o r the UBT was 60 
minutes (1200 r e v o l u t i o n s ) , w h i l e f o r the tumble t e s t e r 200 
r e v o l u t i o n s was deemed to produce the b e s t r e s u l t . 
2 ) E v a l u a t i o n of UBT and Tumble Tested Books 
The UBT and Tumble t e s t s , by t h e i r v e r y n a t u r e , produce 
q u a l i t a t i v e d a t a on the d u r a b i l i t y of a bound volume. 
However, i n o r d e r t o complete the a n a l y s i s of v a r i a n c e 
p r e s c r i b e d i n the d e s i g n parameters of t h i s s t u d y i t was 
n e c e s s a r y t o t r a n s f o r m the q u a l i t a t i v e d a t a i n t o a quan-
t i t a t i v e form. T h i s was a c h i e v e d through the use of an 
o b j e c t i v e r a t i n g system, which a s c r i b e d a n u m e r i c a l v a l u e 
to the amount of d e g r a d a t i o n e x p e r i e n c e d by each volume. 
I n i t i a l l y t h i s study had planned to employ a m o d i f i e d 
v e r s i o n of the f i v e p o i n t r a t i n g index developed by Chaback, 
f o r the s i m i l a r purposes. The r a t i n g system t h a t she 
employed was the f o l l o w i n g : 
1) I n f e r i o r - s p l i t endpapers, l o o s e j o i n t s , b l o c k 
h a n g ing l o o s e between cover boards, endpaper 
s e p a r a t i o n from book b l o c k . 
2) Poor - p a r t i a l l y s p l i t endpaper, l o o s e j o i n t s , 
endpaper coming l o o s e from boards but not more than a 
q u a r t e r i n c h . 
3) F a i r - S l i g h t S p l i t s or o t h e r damages to endpaper 
c o n s t r u c t i o n , and paper remained adhered to boards, no 
s e p a r a t i o n from book b l o c k , i n t e r n a l s p l i t endpaper. 
4) Good - Loose j o i n t s , endpapers remained adhered to 
b o a r d s , no s e p a r a t i o n from book b l o c k . 
5) S u p e r i o r j 2 n o damages, no l o o s e j o i n t s , good adh e s i o n 
t h r o u g h o u t . 
W h i l e t h i s r a t i n g system ( w i t h some minor m o d i f i -
c a t i o n s ) would have been a p p r o p r i a t e f o r r a t i n g the r e s u l t s 
of t h i s s t u d y , r e c e n t i n t e r e s t i n the d u r a b i l i t y of a d h e s i v e 
bound t e x t b o o k s , by the Book M a n u f a c t u r e r s I n s t i t u t e (BMI) 
and the N a t i o n a l A s s o c i a t i o n of S t a t e Textbook A d m i n i s t r a t -
o r s (NASTA), prompted the development of "The O f f i c i a l 
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G u i d e l i n e s f o r B i n d i n g E v a l u a t i o n . " Under the a u s p i c e s of 
the A d h e s i v e B i n d i n g Committee of A d v i s o r y Committee f o r 
Textbook S p e c i f i c a t i o n s (ACTS), a f i v e c a t e g o r y e v a l u a t i o n 
system was deve l o p e d i n orde r to e v a l u a t e the d u r a b i l i t y and 
performance of ad h e s i v e bound t e x t b o o k s . The c a t e g o r i e s 
s p e c i f i e d are the f o l l o w i n g : 
C a t e g o r y A 
C a t e g o r y B 
C a t e g o r y C 
Cat e g o r y D 
Ca t e g o r y E 
Is T i g h t Back H o l d i n g 
J o i n t s - What i s t h e i r C o n d i t i o n 
What i s the I n t e g r i t y of the Book B l o c k 
Pages - Are I n d i v i d u a l Pages H o l d i n g 
Back Margin - I s ^ i t Reasonable When the 
Book i s Open 
S i n c e t h i s s tudy i s concerned o n l y w i t h the i n t e r a c t i o n 
between the book b l o c k and the book case, o n l y c a t e g o r i e s A 
and B a r e r e l e v a n t f o r e v a l u a t i o n purposes. However, i t 
seems a p p r o p r i a t e to f a v o r the e v a l u a t i o n c r i t e r i a p r e s c r i b -
ed by BMI and NASTA, over the r a t i n g system developed by 
Chaback, s i n c e the BMI and NASTA are both concerned w i t h the 
e s t a b l i s h m e n t of i n d u s t r y s t a n d a r d s f o r b i n d i n g d u r a b i l i t y . 
A l s o , the ACTS s t a n d a r d addresses the performance of t i g h t 
backed books d i r e c t l y , making i t p a r t i c u l a r l y r e l e v a n t t o 
the t o p i c a t hand. A c c o r d i n g l y , t h i s study chose to 
e v a l u a t e the r e s u l t s of the UBT and tumble t e s t s a c c o r d i n g 
to two of the s p e c i f i c a t i o n s d e s i g n a t e d by ACTS. 
However, i n a d d i t i o n to the two c a t e g o r i e s p r e s c r i b e d 
by ACTS, a t h i r d s e t of r a t i n g c r i t e r i a , not covered by the 
ACTS s t a n d a r d , was c r e a t e d f o r use i n t h i s s tudy. I t was 
d e s i g n e d as an e v a l u a t i o n of the degree of d e g r a d a t i o n 
o c c u r r i n g w i t h i n the book b l o c k i t s e l f , i n terms of i n t e r n a l 
s p l i t t i n g , d u r i n g the d u r a b i l i t y t e s t s . I t was deemed t o be 
a r e l e v a n t measurement because the f o r m a t i o n of s p l i t s 
w i t h i n the book b l o c k w i l l tend t o l e s s e n the r i g i d i t y of 
the book b l o c k as a whole. Consequently, a book w i t h 
i n t e r n a l s p l i t s i s l e s s l i k e l y t o m a n i f e s t d e g r a d a t i o n i n 
the o t h e r two c a t e g o r i e s . 
The l e v e l s of e v a l u a t i o n f o r c a t e g o r i e s A, B and C were 
the f o l l o w i n g : 
C a t e g o r y A: I s the T i g h t Back H o l d i n g ? 
(1) U n a c c e p t a b l e - complete s e p a r a t i o n : a b l e t o see 
d a y l i g h t through the e n t i r e backbone; can pass a p e n c i l 
or l e t t e r opener through the s h e l f back. 
(2) A c c e p t a b l e - p a r t i a l s e p a r a t i o n : e i t h e r cannot see 
d a y l i g h t through the l e n g t h of the s h e l f b a c k , or an see 
d a y l i g h t on o n l y o n e - h a l f the w i d t h of the s h e l f b a c k . 
(3) S u p e r i o r - no s e p a r a t i o n : t i g h t , f i r m g l u e a l o n g 
the e n t i r e w i d t h and l e n g t h of the s p i n e . 
C a t e g o r y B: J o i n t s - What i s t h e i r C o n d i t i o n ? 
(1) U n a c c e p t a b l e - complete s e p a r a t i o n f r o n t , back or 
b o t h : a b l e t o see d a y l i g h t through one or both j o i n t s ; 
can pass a p e n c i l or l e t t e r opener through the j o i n t . 
(2) A c c e p t a b l e - p a r t i a l s e p a r a t i o n f r o n t , back or bo t h : 
Cannot see d a y l i g h t through the j o i n t s , but evidence of 
s e p a r a t i o n e i t h e r a t the head of f o o t of the book. 
(3) S u p e r i o r - no s e p a r a t i o n : t i g h t , | i r m glue a l o n g 
the e n t i r e l e n g t h of the book j o i n t s . 
C a t e g o r y C: Book B l o c k - What i s i t s c o n d i t i o n ? 
(1 U n a c c e p t a b l e - e a s i l y v i s i b l e s p l i t s d e v e l o p i n g on 
bot h the f r o n t and back of book b l o c k , s p i n e roughening 
p a t t e r n e a s i l y v i s i b l e . 
(2) A c c e p t a b l e - p a r t i a l s p l i t s d e v e l o p i n g on f r o n t or 
back of book b l o c k , s p i n e roughening p a t t e r n v i s i b l e a t 
c l o s e i n s p e c t i o n . 
(3) S u p e r i o r - no s p l i t s v i s i b l e , no roughening p a t t e r n 
i n e v i d e n c e , i n t e g r i t y of book b l o c k m a i n t a i n e d . 
A f t e r n u m e r i c a l r a t i n g s f o r c a t e g o r i e s A, B and C were 
a s c r i b e d t o each sample, the t h r e e v a l u e s were t o t a l l e d to 
y i e l d a f i n a l q u a n t i t a t i v e r a t i n g of the q u a l i t a t i v e d a t a 
p r o v i d e d by the UBT and tumble t e s t s . 
I t s h o u l d be noted t h a t , as much as p o s s i b l e , m a t e r i a l 
f a i l u r e s were not taken i n t o account i n the assessment of 
b i n d i n g d e t e r i o r a t i o n . I n s t e a d , the books were r a t e d on how 
w e l l t h e y would have performed had the m a t e r i a l s been 
sound. T h i s p o s i t i o n i s j u s t i f i e d because the aim of t h i s 
s t u d y i s t o e v a l u a t e b i n d i n g t e c h n i q u e s , not m a t e r i a l s . 
2) Volume O p e n a b i l i t y 
The o p e n a b i l i t y of the volumes was t e s t e d w i t h the photo-
c o p i e r o p e n a b i l i t y t e s t . The t e s t was o r i g i n a l l y d e s i g n e d 
by C a r o l i n e Watson i n the study "A Performance Comparison of 
Oversewn, PVA Double Fanned, and C l e a t Laced Bindings."''"^ 
Watson's d e s i g n was, i n t u r n , an a d a p t a t i o n of the open-
a b i l i t y t e s t d e s i g n e d by the American L i b r a r y A s s o c i a t i o n 
(ALA). The ALA t e s t a s s e s s e d o p e n a b i l i t y by p l a c i n g a c l e a r 
g l a s s t e s t p l a t e , w i t h s c o r e d l i n e s a t 1/2 i n c h i n t e r v a l s , 
over the c e n t e r spread of the book. A weight was then 
p l a c e d on the p l a t e t o g i v e u n i f o r m p r e s s u r e and a v i s u a l 
assessment of the o p e n a b i l i t y was made. The l i m i t a t i o n on 
t h i s t e s t i s o b v i o u s . The n u m e r i c a l d a t a , b e i n g i n 1/2 i n c h 
i n c r e m e n t s , were not a p p r o p r i a t e f o r d e t a i l e d a n a l y s i s . A l l 
t h a t was r e v e a l e d was i f the volume had "poor", " f a i r " or 
" s u p e r i o r " o p e n a b i l i t y . Furthermore, t h i s t e s t d i d not 
a c c o u n t f o r the e f f e c t s on bindmargins c r e a t e d by v a r i a t i o n s 
i n p r i n t i n g and f o l d i n g . 
Watson s o l v e d t h i s problem w i t h the development of the 
photocopy o p e n a b i l i t y t e s t . The t e s t a l l o w s an a c c u r a t e 
and p r e c i s e comparison of a book's a b i l i t y t o l i e open. A 
l i n e i s drawn a t a u n i f o r m d i s t a n c e from the o u t s i d e edge of 
the two pages i n the c e n t e r spread of each volume. The 
c e n t e r s p r e a d i s then p l a c e d face down on the p h o t o c o p i e r , 
under a u n i f o r m two pound w e i g h t , and a copy made. The 
t o t a l d i s t a n c e i n the r e p r o d u c t i o n between the two r u l e d 
l i n e s i s then measured w i t h an a c c u r a c y of 1/64". The 
n u m e r i c a l measurements y i e l d e d from t h i s t e s t were then used 
t o e v a l u a t e s t a t i s t i c a l s i g n i f i c a n c e . 
L i m i t a t i o n s 
The l i m i t a t i o n s to t h i s study were m a i n l y problems of 
r e l i a b i l i t y . The f a c t t h a t o n l y 5 samples per c e l l were 
used p r e s e n t e d the major problem (5 x 2 x 12 = 120 b o o k s ) , 
because e x t r a n e o u s v a r i a t i o n i n one sample has the p o t e n t i a l 
t o skew the r e a d i n g s f o r the e n t i r e t r e a t m e n t . However, the 
use o f s m a l l sample s i z e s was n e c e s s a r y due to l i m i t e d 
r e s o u r c e s . As a p r e c a u t i o n , the raw data was examined to 
ensure t h a t no o b v i o u s l y skewed r e a d i n g s were p r e s e n t w i t h i n 
any one t r e a t m e n t . A l s o , p r e v i o u s s t u d i e s have managed to 
o b t a i n r e l i a b l e r e s u l t s w i t h the same or s m a l l e r sample 
s i z e s . 
A second problem was t h a t the books were produced by 
hand, n a t u r a l l y l e a v i n g more room f o r extraneous v a r i a t i o n 
than would automated p r o d u c t i o n . However, t h i s was neces-
s i t a t e d by the f a c t t h a t mechanized p r o d u c t i o n c o u l d not 
c o n t r o l a c c u r a t e l y the v a r i a b l e s t h a t t h i s study sought t o 
t e s t . I t i s contended, however, t h a t c a r e f u l c o n t r o l of the 
p r o d u c t i o n p r o c e s s was a b l e keep the e x p e r i m e n t a l n o i s e to a 
minimum, y i e l d i n g r e p r e s e n t a t i v e r e s u l t s . 
A f u r t h e r c o n s i d e r a t i o n was t h a t m a t e r i a l s u b s t i t u t i o n s 
were r e q u i r e d i n o r d e r to accommodate the manual p r o d u c t i o n 
p r o c e s s . The most s i g n i f i c a n t s u b s t i t u t i o n was the c h o i c e 
of a PVA a d h e s i v e to produce the samples. However, 
p o l y v i n y l a c e t a t e has been shown to p r o v i d e comparable 
bonding c h a r a c t e r i s t i c s to h o t m e l t a d h e s i v e s , when the 
h o t m e l t i s a p p l i e d under a p p r o p r i a t e temperature and 
v i s c o s i t y c o n d i t i o n s . C o n sequently, i t i s contended t h a t 
the use o f PVA f u r n i s h e d a r e p r e s e n t a t i v e s i m u l a t i o n of the 
b onding power of h o t m e l t a d h e s i v e . Furthermore, the use of 
PVA i s coming i n t o more widespread use f o r commercial 
a d h e s i v e b i n d i n g , making i t s performance of i n t e r e s t i n and 
of i t s e l f . 
As has been s t a t e d above, the t e s t s f o r d u r a b i l i t y are 
w i d e l y c o n s i d e r e d to have s i g n i f i c a n t v a l i d i t y i n measuring 
a c t u a l s t r e n g t h . The t e s t f o r o p e n a b i l i t y i s a l s o v a l i d , 
s i n c e i t i s a d i r e c t measurement of t h a t p r o p e r t y . 
S t a t i s t i c a l A n a l y s i s 
The s t a t i s t i c a l a n a l y s i s was conducted through the use 
of two t e s t s . F i r s t , a t h r e e way a n a l y s i s of v a r i a n c e 
(ANOVA) was used to t e s t the s i x n u l l hypotheses. The 
ANOVA i s used to a s s i g n a p o r t i o n of the t o t a l v a r i a b i l i t y 
w i t h i n the da t a s e t to the i n d i v i d u a l f a c t o r s under 
c o n s i d e r a t i o n . T h i s i s a c h i e v e d by c a l c u l a t i n g and 
comparing the means f o r each t r e a t m e n t . I f the d i f f e r e n c e 
between the means i s l a r g e r than the c a l c u l a t e d 'F' r a t i o , 
then the d i f f e r e n c e i s deemed to be the r e s u l t of something 
o t h e r than n a t u r a l l y o c c u r r i n g v a r i a t i o n . In t h i s event the 
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n u l l h y p o t h e s i s i s r e j e c t e d . For the purposes of t h i s 
s t u d y an a l p h a r a t i n g of 0.05 was used i n the c a l c u l a t i o n of 
the 'F' r a t i o . T h i s i n d i c a t e s t h a t any c o n c l u s i o n s drawn 
from the s t a t i s t i c a l c a l c u l a t i o n s o u t l i n e d above, have a 95% 
p r o b a b i l i t y of b e i n g c o r r e c t . (The ANOVA was repeated a t 
the 0.01 l e v e l , f o r the sake of comparison. However, the 
l i m i t e d number of r e p l i c a t i o n s f o r each treatment made the 
0.05 l e v e l more a p p r o p r i a t e t o the nature of the d a t a . 
Cases where the two a n a l y s e s d i v e r g e d w i l l be noted as 
such.) The term " t h r e e way" a n a l y s i s of v a r i a n c e r e f e r s t o 
the f a c t t h a t the t e s t compares the t h r e e dimensions of the 
3 x 2 x 2 e x p e r i m e n t a l m a t r i x s i m u l t a n e o u s l y . 
U n f o r t u n a t e l y the r e s u l t s of an ANOVA are s u p p l i e d i n 
"go-no go" form. The t e s t o n l y i n d i c a t e s i f t h e r e i s 
s u f f i c i e n t j u s t i f i c a t i o n to r e j e c t the n u l l h y p o t h e s i s . I t 
does not i d e n t i f y which f a c t o r s are r e s p o n s i b l e f o r the 
r e j e c t i o n of the n u l l . C o n s equently, a Duncan M u l t i p l e 
Range Te s t was used to i n d i c a t e the f a c t o r s r e s p o n s i b l e f o r 
v a r i a t i o n w i t h i n the e x p e r i m e n t a l m a t r i x . The Duncan t e s t 
a c h i e v e s t h i s by comparing i n d i v i d u a l s e t s of means i n orde r 
t o i s o l a t e the source of v a r i a t i o n . 
The observed d i f f e r e n c e s between the means are 
t e s t e d , b e g i n n i n g w i t h the l a r g e s t v e r s u s the 
s m a l l e s t . . . Next, the d i f f e r e n c e between the 
l a r g e s t and the second s m a l l e s t i s computed...-
These comparisons are c o n t i n u e d u n t i l a l l means 
have been compared w i t h the l a r g e s t mean. 
F i n a l l y the d i f f e r e n c e between the second l a r g e s t 
mean and the s m a l l e s t i s computed. T h i s p r o c e s s 
i s c o n t i n u e d u n t i l a l l the d i f f e r e n c e s , of a l l 
p o s s i b l e p a i r s have been c o n s i d e r e d . 
D e f i n i t i o n of Terms 
In the c o n t e x t of t h i s s tudy the term d u r a b i l i t y denotes the 
a b i l i t y of a bound volume to remain i n i t s case, w h i l e b e i n g 
s u b j e c t e d t o s t r e s s e s d e s i g n e d t o s i m u l a t e the abuse a book 
would r e c e i v e d u r i n g a c t u a l use. I t does not address the 
t e n s i l e s t r e n g t h r e q u i r e d to remove pages from the book 
b l o c k . T h i s i s because t i g h t b a c k i n g i s p r i m a r i l y d e s i g n e d 
t o s t r e n g t h e n the bond between the book b l o c k and case, 
r a t h e r than the r e i n f o r c e the book b l o c k d i r e c t l y . 
O p e n a b i l i t y denotes the r e l a t i v e a b i l i t y of a volume to open 
and l i e f l a t f o r optimum r e a d a b i l i t y . 
T i g h t b a c k i n g r e f e r s to the p r a c t i c e of a d h e r i n g the 
s p i n e of the book b l o c k to the i n s i d e of the s p i n e of the 
case i n o r d e r t o enhance d u r a b i l i t y . The term a d h e s i v e 
b i n d i n g r e f e r s t o book b l o c k s p r e p a r e d by the p e r f e c t 
b i n d i n g method, where the s p i n e of each s i g n a t u r e i s ground 
away b e f o r e a d h e s i v e i s a p p l i e d . T h i s s h o u l d not be 
c o n f u s e d w i t h a v a r i e t y of o t h e r methods which l e a v e the 
s p i n e more or l e s s i n t a c t , f o r example p e r f o - b i n d , p e r f o -
punch or b u r s t b i n d i n g . 
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CHAPTER 5 
ANALYSIS OF DATA AND RESULTS 
R e s u l t s of the Photocopy O p e n a b i l i t y Test 
When the d a t a g e n e r a t e d by the photocopy o p e n a b i l i t y t e s t 
were s u b j e c t e d t o s t a t i s t i c a l a n a l y s i s , the r e s u l t s 
i n d i c a t e d t h a t two of the t h r e e n u l l hypotheses under 
c o n s i d e r a t i o n s h o u l d be r e j e c t e d . The Duncan M u l t i p l e Range 
t e s t r e v e a l e d t h a t the c h o i c e of paper s t o c k and the area of 
a d h e s i v e a p p l i c a t i o n were s t a t i s t i c a l l y s i g n i f i c a n t i n 
d e t e r m i n i n g the o p e n a b i l i t y of t i g h t backed, a d h e s i v e bound, 
h a r d c o v e r volumes. As a r e s u l t the f o l l o w i n g two n u l l 
h y potheses were r e j e c t e d : 
1) O p e n a b i 1 i t y w i l l not be enhanced by the c h o i c e of uncoated 
paper over c o a t e d s t o c k . 
2) There w i l l be no s i g n i f i c a n t i n c r e a s e i n o p e n a b i l i t y w i t h 
a r e l a t i v e i n c r e a s e i n s u r f a c e area of adh e s i v e a p p l i c a t i o n 
to the s p i n e of a bound volume. 
The t h i r d f a c t o r , b u l k , proved not to have a m e a n i n g f u l 
e f f e c t on o p e n a b i l i t y . C o n sequently, the f o l l o w i n g n u l l 
h y p o t h e s i s was a c c e p t e d : 
l ) T h e r e w i l l be no s i g n i f i c a n t d i f f e r e n c e i n o p e n a b i l i t y 
between books c o n s t r u c t e d w i t h l e s s , as opposed to more, 
b u l k . 
D u r i n g the course of e x p e r i m e n t a t i o n , the c o a t e d paper 
d e m o n s t r a t e d somewhat more o p e n a b i l i t y than the uncoated 
s t o c k . The o p e n a b i l i t y means, c a l c u l a t e d by the Duncan 
t e s t , were 5.6015" and 5.49492" f o r the coated and uncoated 
samples r e s p e c t i v e l y . (These measurements were from of a 
p o s s i b l e t o t a l of 7"). Thus the d i f f e r e n c e between the two 
means was 0.10664. T h i s r e s u l t i n d i c a t e s t h a t the v a r i a t i o n 
between the means was r e l a t i v e l y s l i g h t , s i n c e the c r i t i c a l 
range c a l c u l a t e d by the Duncan t e s t was o n l y 0.10527. The 
c r i t i c a l range i s the c u t o f f f o r the amount of v a r i a t i o n 
w h i c h w i l l be c o n s i d e r e d s t a t i s t i c a l l y s i g n i f i c a n t . I t i s 
c a l c u l a t e d w i t h r e f e r e n c e to the a l p h a i n t e r v a l s p e c i f i e d , 
i n t h i s case 0.05. (When the t e s t was r e p l i c a t e d a t the 
0.01 l e v e l , no s i g n i f i c a n c e between the means was found.) 
C o n s e q u e n t l y , i t would be unwise to g e n e r a l i z e too 
b r o a d l y from these r e s u l t s , p a r t i c u l a r l y when one c o n s i d e r s 
the s l i g h t s t i f f n e s s v a r i a t i o n between the two s t o c k s under 
c o n s i d e r a t i o n . Thus, the v a r i a t i o n i s not s u f f i c i e n t to 
i n d i c a t e t h a t c o a t e d papers always w i l l y i e l d b e t t e r open-
a b i l i t y than uncoated papers when used i n the p r o d u c t i o n of 
t i g h t backed, a d h e s i v e bound, hardcover books. The 
f l e x i b i l i t y of i n d i v i d u a l papers of the same b a s i s weight 
may be e f f e c t e d by f i b e r type and p r e p a r a t i o n , groundwood 
c o n t e n t , c o a t i n g c o m p o s i t i o n and f i l l e r c o n t e n t , t o name but 
a few f a c t o r s . These c o n s i d e r a t i o n s make i t i m p o s s i b l e t o 
de t e r m i n e i f the f i n d i n g s g e n e rated by the Duncan t e s t are 
a p p l i c a b l e a c r o s s a wide range of papers, or are s i m p l y the 
r e s u l t of f l e x i b i l i t y v a r i a t i o n s w i t h i n papers under 
c o n s i d e r a t i o n . Had the Duncan t e s t produced a s t r o n g e r 
r e s u l t , then i t might have been p o s s i b l e t o have drawn some 
more c o n c l u s i v e g e n e r a l i z a t i o n s from the d a t a . 
The second f a c t o r , a d hesive t r e a t m e n t , a l s o proved t o 
have an e f f e c t on o p e n a b i l i t y . The 1 mm bead a p p l i c a t i o n 
y i e l d e d s i g n i f i c a n t l y b e t t e r o p e n a b i l i t y than the o t h e r two 
t r e a t m e n t s . Indeed, the Duncan t e s t r e v e a l e d t h a t t h e r e was 
s t a t i s t i c a l l y no d i f f e r e n c e i n o p e n a b i l i t y between the t h r e e 
s t r i p and t o t a l s p i n e t r e a t m e n t s . The means c a l c u l a t e d f o r 
the 1mm, 3 s t r i p and t o t a l t r e a t m e n t s were; 5.88847, 5.41406 
and 5.34219, r e s p e c t i v e l y . C onsequently, the d i f f e r e n c e 
between the 1mm t r e a t m e n t and the next c l o s e s t mean was 
0.47441, over 3.6 times the c r i t i c a l range of 0.128929. 
T h i s i n d i c a t e s t h a t t h e r e i s a s t r o n g o p e n a b i l i t y premium to 
be g a i n e d from minimal a d h e s i v e coverage on the s p i n e of 
the volume. (See F i g u r e 7.) 
G e n e r a l D u r a b i l i t y O b s e r v a t i o n s 
I n i t i a l e x p e c t a t i o n s f o r the tumble and UBT d u r a b i l i t y 
t e s t s were t h a t b i n d i n g f a i l u r e would occur q u i t e r a p i d l y , 
p a r t i c u l a r l y i n some of the h e a v i e r volumes t h a t had o n l y a 
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t r u e . A l l the t r e a t m e n t s under c o n s i d e r a t i o n proved much 
more d u r a b l e than i n i t i a l l y a n t i c i p a t e d . T h i s f a c t i s 
i n d i c a t e d i n the raw d a t a , where the l o w e s t r a t i n g awarded 
was a 6/9 and where the v a s t m a j o r i t y were i n the 8 - 9 
range. A l s o , t h e r e were no cases of j o i n t f a i l u r e r e c o r d e d 
amongst a l l the samples t e s t e d . Indeed, i n many cases 
m a t e r i a l f a i l u r e o c c u r r e d b e f o r e b i n d i n g d e t e r i o r a t i o n . One 
p l a u s i b l e e x p l a n a t i o n f o r t h i s phenomenon i s t o be found i n 
the a d h e s i v e which was used to produce the bound volumes. 
An i n t e r n a l l y p l a s t i c i z e d PVA i s endowed w i t h e x c e l l e n t 
b o n d i n g p r o p e r t i e s , as w e l l as the a b i l i t y to r e a d i l y absorb 
shock due t o i t s i n h e r e n t f l e x i b i l i t y . C o n s e q u e n t l y , the 
i n e r t i a s t r e s s e s n o r m a l l y e x p e r i e n c e d d u r i n g t e s t i n g are 
m i n i m i z e d by the f l e x i b i l i t y and s t r e n g t h of the a d h e s i v e . 
As has been mentioned p r e v i o u s l y , PVA i s not the 
i n d u s t r y s t a n d a r d f o r the p r o d u c t i o n of t i g h t backed, 
a d h e s i v e bound, ha r d c o v e r volumes. I t was employed out of 
n e c e s s i t y , because h o t m e l t a d h e s i v e s are not s u i t a b l e f o r 
m u l t i - s t a g e , manual b i n d i n g p r o c e d u r e s . However, PVA and 
h o t m e l t are c o n s i d e r e d to have comparable bonding prop-
e r t i e s , when h o t m e l t i s a p p l i e d under the recommended 
tem p e r a t u r e and v i s c o s i t y c o n d i t i o n s . 
U n i v e r s a l Book T e s t e r D u r a b i l i t y R e s u l t s 
The ANOVA a n a l y s i s of the r e s u l t s of the UBT t e s t i n d i c a t e d 
r e j e c t i o n of one of the n u l l h ypotheses. The Duncan 
M u l t i p l e Range Test i d e n t i f i e d a d h e s i v e t r e a t m e n t as a 
s i g n i f i c a n t f a c t o r i n the d e t e r m i n a t i o n of volume d u r a -
b i l i t y . C o n s e q u e n t l y , the f o l l o w i n g n u l l h y p o t h e s i s was 
r e j e c t e d : 
D T h e r e w i l l be no s i g n i f i c a n t i n c r e a s e i n d u r a b i l i t y w i t h a 
r e l a t i v e i n c r e a s e i n s u r f a c e area of adh e s i v e a p p l i c a t i o n 
t o the s p i n e of a bound volume. 
The o t h e r two n u l l hypotheses were accep t e d because the 
f a c t o r s d i s p l a y e d no s t a t i s t i c a l s i g n i f i c a n c e . They were: 
1) D u r a b i l i t y w i l l not be enhanced by the c h o i c e of uncoated 
paper over c o a t e d s t o c k . 
2) There w i l l be no s i g n i f i c a n t d i f f e r e n c e i n d u r a b i l i t y 
between books c o n s t r u c t e d w i t h l e s s , as opposed to more, 
b u l k . 
The 1mm a d h e s i v e treatment proved s i g n i f i c a n t l y weaker, 
w i t h a mean of 7.45, than e i t h e r the t h r e e s t r i p or t o t a l 
t r e a t m e n t s , which had means of 8.3 and 8.15 r e s p e c t i v e l y . 
( S c o r e s a re out of a p o s s i b l e 9 p o i n t s . ) Thus, the 
d i f f e r e n c e between the 1mm treatment and the next c l o s e s t 
mean was 0.7, 1.76 times the c r i t i c a l range of 0.374929. 
A c c o r d i n g l y , t h i s i n d i c a t e s a f a i r l y s t r o n g r e l a t i o n s h i p 
between i n c r e a s e d a d h e s i v e coverage and d u r a b i l i t y , at l e a s t 
up t o a p o i n t . 
B ulk was found t o be i n s i g n i f i c a n t i n d e t e r m i n i n g the 
d u r a b i l i t y of the bound p r o d u c t , as was paper s t o c k . The 
means f o r the c o a t e d and uncoated paper were 8.0 and 7.9333, 
r e s p e c t i v e l y . Thus the d i f f e r e n c e i n the means, 0.0444, 
r e p r e s e n t e d o n l y 20.5% of the c r i t i c a l range of 0.324698. 
S i m i l a r l y , the d i f f e r e n c e i n the means f o r 3/4"(8.0) and 
1 1/2"(7.9556) b u l k r e p r e s e n t e d o n l y 11.8% of the c r i t i c a l 
range, 3.74929. Thus, i t i s c l e a r t h a t n e i t h e r of these 
f a c t o r s was even c l o s e to h a v i n g a s i g n i f i c a n t e f f e c t on 
b i n d i n g d u r a b i l i t y . 
These r e s u l t s were q u i t e s u r p r i s i n g , p a r t i c u l a r l y the 
l a t t e r two. I t was expected t h a t the a d d i t i o n a l weight 
a s s o c i a t e d w i t h i n c r e a s e d b u l k and coated paper s t o c k would 
have had a p r o f o u n d e f f e c t on b i n d i n g d e t e r i o r a t i o n . 
Indeed, i t was a n t i c i p a t e d t h a t some of the h e a v i e r books 
w i t h m i n i m a l a d h e s i v e coverage would f a i l c o m p l e t e l y a f t e r 
a v e r y few minutes i n the UBT. However, the d u r a b i l i t y of 
the books proved to be such t h a t i n many cases the m a t e r i a l s 
used f o r p r o d u c t i o n of the samples proved to be l e s s d u r a b l e 
than the b i n d i n g s themselves. T h i s was p a r t i c u l a r l y 
n o t i c e a b l e w i t h both the cover m a t e r i a l and the back l i n i n g , 
b o t h o f which demonstrated i n s t a n c e s of f a i l u r e . 
Tumble T e s t D u r a b i l i t y R e s u l t s 
When the d a t a o b t a i n e d from the tumble t e s t were s u b j e c t e d 
to ANOVA a n a l y s i s , the r e s u l t s i n d i c a t e d t h a t two of the 
n u l l h y p otheses s h o u l d be r e j e c t e d . The Duncan M u l t i p l e 
Range T e s t then r e v e a l e d t h a t the two f a c t o r s a t the r o o t of 
the v a r i a t i o n were b u l k and a d h e s i v e t r e a t m e n t . Paper s t o c k 

was found t o produce no s i g n i f i c a n t d i f f e r e n c e . Consequent-
l y , the f o l l o w i n g two n u l l hypotheses were r e j e c t e d : 
1) There w i l l be no s i g n i f i c a n t d i f f e r e n c e i n d u r a b i l i t y 
between books c o n s t r u c t e d w i t h l e s s , as opposed to more, 
b u l k . 
2) There w i l l be no s i g n i f i c a n t i n c r e a s e i n d u r a b i l i t y w i t h 
a r e l a t i v e i n c r e a s e i n s u r f a c e area of adh e s i v e a p p l i c a t i o n 
to the s p i n e of a bound volume. 
The r e s u l t s of the s t a t i s t i c a l a n a l y s i s i n d i c a t e d t h a t the 
t h i r d n u l l s h o u l d be a c c e p t e d . I t was the f o l l o w i n g : 
l ) D u r a b i l i t y w i l l not be enhanced by the c h o i c e of uncoated 
paper over c o a t e d s t o c k . 
The volumes c o n s t r u c t e d w i t h 3/4" bulk were found to be 
more d u r a b l e than t h e i r 1 1/2" c o u n t e r p a r t s . The mean of 
the former was 8.3667, w h i l e t h a t of the l a t t e r was 7.6333. 
Thus the d i f f e r e n c e between the two means was 0.7334, 1.8 
time s the c r i t i c a l range of 0.407258. T h i s i n d i c a t e s t h a t 
t h e r e i s a r e l a t i v e l y s u b s t a n t i a l d u r a b i l i t y b e n e f i t t o be 
g a i n e d from p r o d u c i n g books of s m a l l e r b u l k . However, i t 
s h o u l d be kept i n mind t h a t these r e s u l t s are not the 
p r o d u c t of any d i r e c t r e l a t i o n s h i p between bulk and the 
w e i g h t of the book b l o c k . T h i s c o n t i n g e n c y can be d i s -
c o unted because paper a l s o caused v a r i a t i o n i n the weight 
of the sample book b l o c k s . The Duncan Test r e s u l t s , 
however, c h a r a c t e r i z e d paper as an i n s i g n i f i c a n t f a c t o r . 
I t s h o u l d a l s o be noted t h a t these f i n d i n g s d i r e c t l y 
c o n t r a d i c t those y i e l d e d by the UBT. However, a p l a u s i b l e 
e x p l a n a t i o n f o r t h i s d i v e r g e n c e can be found i n the n a t u r e 
o f the t e s t i n g a p p a r a t u s i t s e l f . When books are s u b j e c t e d 
t o t e s t i n g i n the tumble t e s t e r , a p i e c e of tape i s p l a c e d 
a c r o s s the f o r e edge of the volume to l i m i t the amount i t 
may open upon impact. (The s t a n d a r d d i s t a n c e i s 2" g r e a t e r 
than the b u l k of the book.) While t u m b l i n g was i n p r o g r e s s , 
a tendency was observed f o r the l a r g e r book b l o c k s t o open 
w i d e r p r i o r to i m p a c t i n g on the f o r e edge. Indeed, i n many 
cases the volumes s t o o d on t h e i r f o r e edge momentarily, 
b e f o r e b e i n g c a r r i e d around by the drum r o t a t i o n . T h i s same 
phenomenon was not observed w i t h the books of s m a l l e r b u l k , 
p o s s i b l y due t o the f a c t the 3/4" volumes had a s i g n i f i c a n t -
l y s m a l l e r t o t a l w i d t h a c r o s s the f o r e edge, making them 
more prone t o f l o p over upon impact. T h i s c i r c u m s t a n c e 
would tend to l e s s e n the i n e r t i a s t r e s s e s e x p e r i e n c e d by the 
3/4" books, t h e r e b y i n c r e a s i n g t h e i r d u r a b i l i t y performance. 
T h i s o b s e r v a t i o n does not negate the v a l i d i t y of the 
d a t a . As has been not e d , the tumble t e s t i s w i d e l y 
c o n s i d e r e d to be an a c c u r a t e s i m u l a t i o n of the abuse which 
books, p a r t i c u l a r l y t e x t books, undergo. T h i s case i s no 
e x c e p t i o n . When books are dropped i n a c t u a l use, the 
g r e a t e r t h e i r b u l k the g r e a t e r t h e i r tendency to s t a n d on 
t h e i r f o r e edge. T h i s same phenomenon was not r e p e a t e d i n 
the UBT because t h a t apparatus does not a l l o w the book cover 
t o open to any s i g n i f i c a n t degree d u r i n g t e s t i n g . 
When a n a l y z i n g a d h e s i v e t r e a t m e n t , the Duncan M u l t i p l e 
Range Te s t i n d i c a t e d t h a t t h e r e was s t a t i s t i c a l l y no 
d i f f e r e n c e i n d u r a b i l i t y between the t h r e e s t r i p and t o t a l 
s p i n e t r e a t m e n t s . The 1mm bead d i d e x h i b i t a s i g n i f i c a n t 
drop i n d u r a b i l i t y , as compared w i t h the o t h e r two ad h e s i v e 
t r e a t m e n t s . However, the d i f f e r e n c e between the 1mm mean 
(7.55) and the next c l o s e s t mean (8.05) was 0.5. T h i s was 
v e r y c l o s e t o the c r i t i c a l range of 0.498787. In f a c t , when 
the Duncan t e s t was repeated at an a l p h a of 0.01, the 
s i g n i f i c a n t d i f f e r e n c e between the 1mm and the t h r e e s t r i p 
t r e a t m e n t s was e l i m i n a t e d , a l t h o u g h the d i f f e r e n c e between 
the 1mm and the t o t a l c o a t i n g remained. The f a c t t h a t the 
r e s u l t s of the s p i n e p r e p a r a t i o n t r e a t m e n t s d i d not produce 
more c o n c l u s i v e r e s u l t s was q u i t e s u r p r i s i n g . C o nsequently 
i t would be unwise to draw broad g e n e r a l i z a t i o n from these 
f i n d i n g s . 
Volume Appearance 
I t s h o u l d be noted t h a t the v a r i o u s s p i n e t r e a t m e n t s 
produced s i g n i f i c a n t d i f f e r e n c e s i n the a e s t h e t i c q u a l i t y of 
the books produced. T h i s f a c t i s worthy of note because the 
appearance of a volume i s o f t e n c o n s i d e r e d as i m p o r t a n t as 
i t s s t r e n g t h and o p e n a b i l i t y c h a r a c t e r i s t i c s . The t o t a l 
c o a t i n g s p i n e t r e a t m e n t produced the most p l e a s i n g e f f e c t , 

s i n c e the case was t i g h t l y h e l d a g a i n s t the s p i n e of the 
book b l o c k . With the t h r e e s t r i p t r e a t m e n t the gl u e s t r i p 
p a t t e r n was v i s i b l e on the sp i n e of the cover m a t e r i a l when 
the book was f l e x e d open. Consequently, i t s a e s t h e t i c 
c h a r a c t e r i s t i c s were s t i l l a c c e p t a b l e , but i n f e r i o r t o those 
produced by the t o t a l c o a t i n g . 
The 1mm bead f a i l e d t o y i e l d a p l e a s i n g p h y s i c a l 
appearance. A gl u e l i n e was c l e a r l y v i s i b l e i n the c e n t e r 
of the s p i n e , and i t was p o s s i b l e t o look down the s p i n e 
e i t h e r s i d e of the adh e s i v e s t r i p . T h i s tendency was 
p a r t i c u l a r l y apparent on the volumes w i t h l a r g e r b u l k . 
A c c o r d i n g l y , the 1mm s t r i p r e p r e s e n t e d the worst a e s t h e t i c 
o p t i o n . 
CHAPTER 6 
SUMMARY AND CONCLUSIONS 
The aim of t h i s s t u d y , b r o a d l y s t a t e d , was to e v a l u a t e the 
d u r a b i l i t y and o p e n a b i l i t y c h a r a c t e r i s t i c s of t i g h t backed, 
a d h e s i v e bound, hardcover t e x t books. To t h i s end, s i x 
hypotheses o u t l i n e d i n chapte r 2 were t e s t e d . The c o n c l u -
s i o n s y i e l d e d by t h i s e x p e r i m e n t a l program are as f o l l o w s . 
l ) T i g h t backed, ad h e s i v e bound, hardcover volumes w i l l be 
more d u r a b l e when c o n s t r u c t e d w i t h uncoated, r a t h e r than 
c o a t e d , paper s t o c k . 
The r e s u l t s of t e s t i n g i n d i c a t e d t h a t the n u l l 
h y p o t h e s i s be a c c e p t e d w i t h r e g a r d t o the f a c t o r of paper 
s t o c k . Both the UBT and tumble t e s t s i n d i c a t e d t h a t paper 
was not a s i g n i f i c a n t d e t e r m i n a n t of b i n d i n g d u r a b i l i t y . 
The r e s u l t s of the Duncan M u l t i p l e Range Test were q u i t e 
emphatic i n t h i s r e g a r d , w i t h the UBT o n l y p r o d u c i n g 20.5% 
of the c r i t i c a l range and the tumble t e s t y i e l d i n g o n l y 49%. 
T h i s r e s u l t proved to be q u i t e s u r p r i s i n g , p a r t i c u l a r l y 
when one c o n s i d e r s t h a t the PPI of the coated paper was 2.5 
ti m e s t h a t of the uncoated s t o c k and i t s weight was 1.4 
t i m e s t h a t of the uncoated. T h i s f a c t a lone s h o u l d have 
s i g n i f i c a n t l y i n c r e a s e d the i n e r t i a which i s so c r u c i a l i n 
the f a i l u r e of bound p r o d u c t s . 
2 ) T i g h t backed, a d h e s i v e bound, hardcover volumes w i l l be 
more d u r a b l e when c o n s t r u c t e d w i t h s m a l l e r book b l o c k b u l k . 
The UBT and tumble t e s t s y i e l d e d c o n t r a d i c t o r y r e s u l t s 
on t h i s q u e s t i o n . The former i n d i c a t e d t h a t b u l k was 
i n s i g n i f i c a n t i n r e l a t i o n to d u r a b i l i t y , s i n c e the d i f -
f e r e n c e between the means r e p r e s e n t e d o n l y 11.8% of the 
c r i t i c a l range. C o n v e r s e l y , the r e s u l t s of the tumble t e s t 
found t h a t the d i f f e r e n c e between the means was 180% of the 
c r i t i c a l range, s u g g e s t i n g t h a t bulk d i d have a s i g n i f i c a n t 
e f f e c t on b i n d i n g d u r a b i l i t y . T h i s d i s c r e p a n c y would seem 
to r e s u l t from the na t u r e of the t e s t s themselves. As has 
been o u t l i n e d i n c h a p t e r s 3, 4 and 5, the tumble t e s t i s 
c o n s i d e r e d a good i n d i c a t o r of severe and abnormal abuse, 
beyond the scope of d u r a b i l i t y t e s t e d by the UBT. Thus i t 
would be f a i r t o conclude t h a t w h i l e b u l k does not p l a y a 
s i g n i f i c a n t r o l e i n the d u r a b i l i t y of books e x p e r i e n c i n g 
normal use, i t i s an i m p o r t a n t c o n s i d e r a t i o n i n the 
c o n s t r u c t i o n of books which undergo severe abuse. 
S i m i l a r t o the r e s u l t s of the paper s t o c k a n a l y s i s , the 
o v e r a l l d u r a b i l i t y of the volumes t e s t e d was much h i g h e r 
t h a n a n t i c i p a t e d . I t was expected t h a t the i n c r e a s e i n 
b u l k , which changed the weight of the of the volumes by a 
f a c t o r of 1.8, would have had a more n o t i c e a b l e e f f e c t than 
was r e c o r d e d . 
3) T i g h t backed, a d h e s i v e bound, hardcover volumes w i l l be 
made more d u r a b l e w i t h i n c r e a s e d s u r f a c e area of a d h e s i v e 
a p p l i c a t i o n to the s p i n e . 
For both the UBT and tumble t e s t t h e r e proved to be no 
s i g n i f i c a n t d i f f e r e n c e between the two of the t h r e e l e v e l s 
t e s t e d , w h i l e the t h i r d d i s p l a y e d i n f e r i o r d u r a b i l i t y . 
There was no d i f f e r e n c e found between a c o a t i n g of the 
e n t i r e s p i n e and a t h r e e s t r i p a p p l i c a t i o n c o v e r i n g h a l f the 
book b l o c k . N e v e r t h e l e s s , the performance of the 1mm bead 
prove d t o be i n f e r i o r t o the o t h e r two. Consequently, i t 
may be c o n c l u d e d t h a t b i n d i n g d u r a b i l i t y i s enhanced by an 
i n c r e a s e i n the area of adhesive a p p l i c a t i o n , up to a p o i n t , 
a f t e r w hich any i n c r e a s e i n d u r a b i l i t y becomes s t a t i s t i c a l l y 
i n s i g n i f i c a n t . The r e s u l t s of t h i s study i n d i c a t e t h a t the 
o p t i m a l p o i n t f o r a d h e s i v e treatment l i e s somewhere near a 
1/2 c o a t i n g of the s p i n e . F u r t h e r study i s needed to 
c o n f i r m i f t h i s amount of c o a t i n g and p a t t e r n i s indeed 
o p t i m a l . 
4) The o p e n a b i l i t y of t i g h t backed, ad h e s i v e bound, hardcover 
volumes w i l l be unchanged by the c h o i c e of coated or 
u n c o a t e d paper. 
The d a t a produced by t h i s study i n d i c a t e d t h a t the 
c h o i c e of paper d i d have a s t a t i s t i c a l l y s i g n i f i c a n t e f f e c t 
on o p e n a b i l i t y when e v a l u a t e d at an a l p h a l e v e l of 0.05. 
However, a comparison between the c r i t i c a l range and the 
d i f f e r e n c e between the means r e v e a l e d t h a t the r e s u l t was 
v e r y c l o s e t o the c u t o f f . i n f a c t , when the s t a t i s t i c a l 
a n a l y s i s was r e p l i c a t e d a the 0.01 a l p h a l e v e l , no s t a t i s -
t i c a l s i g n i f i c a n c e was found to e x i s t . 
When one c o n s i d e r s t h i s , i n c o n j u n c t i o n w i t h the f a c t 
t h a t the papers t e s t e d e x h i b i t e d a s l i g h t v a r i a t i o n i n 
s t i f f n e s s , i t would be improper to conclude t h a t c o a t e d 
paper n e c e s s a r i l y produces s u p e r i o r o p e n a b i l i t y . R a t h e r , 
the a p p r o p r i a t e c o n c l u s i o n would be t h a t between the papers 
a c t u a l l y t e s t e d , the coated s t o c k d i s p l a y e d s u p e r i o r 
o p e n a b i l i t y . 
5)The o p e n a b i l i t y of t i g h t backed, adhesive bound, hardcover 
volumes w i l l not be a f f e c t e d by e i t h e r s m a l l e r or l a r g e r 
book b l o c k b u l k . 
The r e s u l t s of t h i s study i n d i c a t e t h a t t h i s h y p o t h e s i s 
s h o u l d be a c c e p t e d . The o p e n a b i l i t y t e s t r e v e a l e d t h a t b u lk 
had no s i g n i f i c a n t e f f e c t on o p e n a b i l i t y . 
6)The o p e n a b i l i t y of t i g h t backed, a d h e s i v e bound, hard 
c o v e r volumes w i l l be unchanged by the r e l a t i v e a rea of 
a d h e s i v e a p p l i c a t i o n t o the s p i n e of the book b l o c k . 
S u r f a c e a r e a of adhesive a p p l i c a t i o n was found t o have 
some s i g n i f i c a n t e f f e c t on o p e n a b i l i t y . S i m i l a r t o the 
d u r a b i l i t y r e s u l t s , t h e r e was a s t a t i s t i c a l d i f f e r e n c e 
a p p a r e n t between the 1mm treatment and the o t h e r two 
t r e a t m e n t s . However, no v a r i a t i o n was found between the 3 
s t r i p and the t o t a l t r e a t m e n t s . C o n s e q u e n t l y , one may 
c o n c l u d e t h a t as the s u r f a c e area of adhesive a p p l i c a t i o n 
i n c r e a s e s , o p e n a b i l i t y d e c r e a s e s up to a p o i n t where the 
d i f f e r e n c e becomes s t a t i s t i c a l l y i n s i g n i f i c a n t . 
G e n e r a l C o n c l u s i o n s 
A d h e s i v e t r e a t m e n t c r e a t e s an i n v e r s e r e l a t i o n s h i p between 
d u r a b i l i t y and o p e n a b i l i t y . As the area of a p p l i c a t i o n was 
i n c r e a s e d , d u r a b i l i t y i n c r e a s e d a t the expense of open-
a b i l i t y . T h i s r e l a t i o n s h i p , however, i s not l i n e a r . The 
i n c r e a s e from a 1mm t r e a t m e n t to a 3 s t r i p a p p l i c a t i o n 
c o v e r i n g h a l f the s p i n e produces a r e l a t i v e l y g r e a t e r 
d i f f e r e n t i a l than from the 3 s t r i p t r e a tment to a c o a t i n g of 
the e n t i r e s p i n e . 
Paper s t o c k was found to be i n s i g n i f i c a n t i n terms of 
d u r a b i l i t y and of m a r g i n a l s i g n i f i c a n c e w i t h r e g a r d to 
o p e n a b i l i t y . However, the a p p l i c a b i l i t y of these con-
c l u s i o n s o u t s i d e the parameters of t h i s s tudy remains to be 
seen. There are a number of i n d i c a t i o n s t h a t the p o l y v i n y l 
a c e t a t e a d h e s i v e used to prepare the samples may have 
enhanced the d u r a b i l i t y of the samples beyond what c o u l d 
n o r m a l l y be e x p e c t e d from mechanized p r o d u c t i o n u s i n g 
h o t m e l t . However, the r e s u l t s are r e p r e s e n t a t i v e of h o t m e l t 
performance when i t i s a p p l i e d under recommended c o n d i t i o n s . 
S i m i l a r l y i t i s i m p o s s i b l e to determine i f the d i f f e r e n c e 
found i n o p e n a b i l i t y i s the r e s u l t of the f a c t o r s under 
s t u d y , or the p r o d u c t of the minimal s t i f f n e s s v a r i a t i o n 
between the i n d i v i d u a l paper samples. Had the s t a t i s t i c a l 
a n a l y s i s not produced such a m a r g i n a l r e s u l t , i t would have 
been p o s s i b l e to reach a more c o n c l u s i v e i n t e r p r e t a t i o n . 
I t may be s a f e l y concluded t h a t book b l o c k b u l k does 
not have a s i g n i f i c a n t e f f e c t on o p e n a b i l i t y . I t s e f f e c t on 
d u r a b i l i t y proved to be i n s i g n i f i c a n t under t e s t i n g d e s i g n e d 
to s i m u l a t e normal use c o n d i t i o n s . However, under con-
d i t i o n s of s e vere abuse, i n c r e a s e d bulk w i l l tend t o 
d e c r e a s e d u r a b i l i t y . 
Perhaps the most i m p o r t a n t i n s i g h t to be g a i n e d from 
t h i s s t u d y i s the f a c t t h a t w i t h the use of the a p p r o p r i a t e 
c o n s t r u c t i o n t e c h n i q u e s , o t h e r sources of v a r i a b i l i t y w i t h i n 
the components can be m i t i g a t e d or e l i m i n a t e d . T h i s 
a s s e r t i o n i s w e l l j u s t i f i e d when one c o n s i d e r s the s u r -
p r i s i n g d u r a b i l i t y p r e s e n t i n a l l the book t r e a t m e n t s 
t e s t e d . One may conclude t h a t i t i s p o s s i b l e to produce 
h i g h l y d u r a b l e t i g h t backed, a d h e s i v e bound, hard cover 
t e x t b o o k s which p o s s e s s good o p e n a b i l i t y c h a r a c t e r i s t i c s , 
p r o v i d e d the p r o p e r c o n s t r u c t i o n t e c h n i q u e s and m a t e r i a l s 
are used. 
CHAPTER 7 
RECOMMENDATIONS FOR FURTHER STUDY 
As has been mentioned p r e v i o u s l y , the demands of manual 
p r o d u c t i o n d i c t a t e d t h a t the sample books be c o n s t r u c t e d 
u s i n g a p o l y v i n y l a c e t a t e a d h e s i v e . I t has a l s o been noted 
t h a t the samples produced w i t h PVA adhesive d i s p l a y e d g r e a t 
d u r a b i l i t y c h a r a c t e r i s t i c s . T h i s f a c t l e a d s to two 
p o t e n t i a l a r e a s f o r f u r t h e r study. The f i r s t would be a 
comparison of the p r o p e r t i e s of d i f f e r e n t p o l y v i n y l a c e t a t e 
a d h e s i v e f o r m u l a t i o n s . The second and perhaps more r e l e v a n t 
t o p i c would be t o c o r r e l a t e how c l o s e l y books produced w i t h 
PVA under l a b o r a t o r y c o n d i t i o n s c o r r e l a t e w i t h those 
produced m e c h a n i c a l l y u s i n g both PVA and h o t m e l t . 
The l i m i t e d number of r e p l i c a t i o n s u t i l i z e d by t h i s 
s t u d y s e r v e d as a l i m i t i n g f a c t o r t o the c o n c l u s i o n s t h a t 
c o u l d be drawn. T h i s c i r c u m s t a n c e was n e c e s s i t a t e d by a 
l i m i t a t i o n of a v a i l a b l e r e s o u r c e s . With such a s m a l l sample 
s i z e , one skewed sample may have f a r r e a c h i n g e f f e c t s f o r 
the d a t a w i t h i n a p a r t i c u l a r t r e a t m e n t . Thus t h e r e would be 
c o n s i d e r a b l e m e r i t i n r e p l i c a t i o n of t h i s study i n or d e r t o 
c o n f i r m i t s c o n c l u s i o n s . 
The l i m i t a t i o n of r e s o u r c e s a l s o d i c t a t e d t h a t o n l y a 
l i m i t e d number of f a c t o r a l l e v e l s c o u l d be examined. 
C o n s e q u e n t l y , i t would be v a l u a b l e t o r e p l i c a t e t h i s s tudy 
u s i n g more l e v e l s of each f a c t o r , t h e r e b y g i v i n g a b e t t e r 
i n d i c a t i o n of the d i s t r i b u t i o n of p o s s i b l e e f f e c t s . 
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APPENDICES 
APPENDIX A 
TEST DATA TABLES 
* y SAMPLE 
1 2 3 4 5 
A 7.0 7.0 7.0 8.0 8.0 
B 8.0 8.0 8.0 8.0 9.0 
c 9.0 9.0 8.0 8.0 8.0 
* z SAMPLE 
1 2 3 4 5 
A 6.0 8.0 8.0 8.0 8.0 
B 8.0 8.0 8.0 8.0 8.0 
C 8.0 8.0 9.0 8.0 9.0 
$ y SAMPLE 
1 2 3 4 5.0 
A 8.0 8.0 8.0 8.0 8.0 
B 8.0 8.0 8.0 9.0 8.0 
C 8.0 8.0 8.0 8.0 8.0 
$ z SAMPLE 
1 2 3 4 5 
A 7.0 8.0 5.0 6.0 8.0 
B 8.0 8.0 9.0 8.0 8.0 
C 8.0 9.0 8.0 8.0 9.0 
Table 2 
TUMBLE TEST SUM DATA TABLE 
* Y SAMPLE 
1 2 3 4 5 
A 8.0 8.0 8.0 6.0 8.0 
B 9.0 8.0 9.0 9.0 9.0 
C 9.0 9.0 9.0 9.0 9.0 
* Z SAMPLE 
1 2 3 4 5 
A 8.0 8.0 6.0 6.0 7.0 
B 7.0 8.0 8.0 6.0 5.0 
C 8.0 8.0 8.0 8.0 9.0 
$ y SAMPLE 
1 2 3 4 5 
A 6.0 7.0 9.0 8.0 8.0 
B 9.0 9.0 9.0 8.0 9.0 
c 8.0 8.0 9.0 8.0 9.0 
$ z SAMPLE 
1 2 3 4 5 
A 8.0 8.0 8.0 8.0 8.0 
B 8.0 8.0 8.0 8.0 7.0 




















































2 3 4 
5.984375 6.015625 5.96875 
5.28125 5.515625 5.125 
6 .046875 
5.234375 


















T o t a l 9 
SAMPLE 
2 3 4 
2 2 3 
3 3 3 
2 2 2 
7 7 8 
SAMPLE 
2 3 4 
3 3 3 
3 3 3 
2 2 2 
8 8 8 
SAMPLE 
2 3 4 
3 3 3 
3 3 3 
3 2 2 
9 8 8 
1 
2 
= I s t i g h t back h o l d i n g ? 

























































C r i t e r i o n 1 = I s t i g h t back h o l d i n g ? 

































































































C r i t e r i o n 1 = I s t i g h t back h o l d i n g ? 


















































































C r i t e r i o n 1 = I s t i g h t back h o l d i n g ? 













































































C r i t e r i o n 1 = I s t i g h t back h o l d i n g ? 











































































































































































































































STATISTICAL TEST RESULTS 
F a c t o r 
Paper 
Bulk 





















C r i t i c a l V a l u e : 14.0060 
Alpha=0.05 
Duncan G r o u p i n g 




C r i t i c a l Range 
















F a c t o r : A d h e s i v e 







F a c t o r 
Paper 
Bulk 
A d h e s i v e 
Table 13 
ANOVA RESULTS FOR UBT DURABILITY TEST 





Type I SS 
0 . 06666667 
0 .00000000 
8.23333333 












C r i t i c a l V a l u e : 7.8723 
Alpha=0.05 
Duncan G r o u p i n g 
F a c t o r : Paper 
Coated 
Uncoated 









C r i t i c a l Range 
0.324698 
F a c t o r : B u l k 
3/4" 
1 1/2" 
F a c t o r : A d h e s i v e 













0 . 41813 
F a c t o r 
Paper 
Bulk 





Type I SS 
0.60000000 
8 . 06666667 
7.30000000 












C r i t i c a l V a l u e : 9.8329 
DUNCAN MULTIPLE RANGE TEST RESULTS 
Alpha=0.05 
Duncan G r o u p i n g 
F a c t o r : Paper 
Uncoated 
Coated 
F a c t o r : B u l k 
3/4" 
1 1/2 
F a c t o r : A d h e s i v e 






















F a c t o r 
Paper 
Bulk 





Type I SS 
0.17060001 
0.11588516 
3 . 52433673 
Type I I I SS 
0.17060001 
0.11588516 









C r i t i c a l V a l u e : 14.0060 
DUNCAN MULTIPLE RANGE TEST RESULTS 
Alpha=0.01 
Duncan G r o u p i n g 
F a c t o r : Paper 
Uncoated 
Coated 
F a c t o r : B u l k 
1 1/2" 
3/4" 
F a c t o r : A d h e s i v e 






















F a c t o r 
Pape r 
Bulk 





Type I SS 
0.06666667 
0 .00000000 
8 . 23333333 













DUNCAN MULTIPLE RANGE TEST RESULTS 
Alpha=0.01 




C r i t i c a l Range 















0 . 499044 
F a c t o r : A d h e s i v e 









F a c t o r 
Pape r 
Bulk 





Type I SS 
0.6000000 
8 . 0666667 
7.30000000 
Type I I I SS 
0.60000000 
8.06666667 









C r i t i c a l V a l u e : 9.8329 
Alpha=0.01 
Duncan G r o u p i n g 
F a c t o r : Paper 
Uncoated 
Coated 
F a c t o r : B u l k 
3/4" 
1 1/2 
F a c t o r : A d h e s i v e 
T o t a l 
1/2 
















C r i t i c a l Range 
0.542076 
0.542076 
0.663905 
0.692115 
